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Serpent in the Garden: Potential Environmental Impacts of Mining in the
Rainforest of the Caribbean’s ’Nature Isle’, Dominica (125 pp.)
Director: Vicki Watson

The following Environmental Impact Assessment describes the land, people, and
resources potentially affected by proposed large-scale copper mining in the rainforest of
Dominica. In the summer of 1997, when a multinational mining corporation showed
interest in mining copper in the highland headwaters of the small island nation of
Dominica, citizens interested in protecting their environment and culture became
concerned. At this time, the Dominican Conservation Association (DCA), a non-profit
environmental group, sought help in addressing the potential environmental and cultural
impacts that may be created if mining were to be developed in Dominica. It was my
purpose to provide the DCA and the people of Dominica with a description of the
potential environmental impacts of large-scale mining on their island.
This paper assesses the potential environmental consequences of large-scale openpit mining, which would most likely be developed in the Deux Branches area, in
northwestern Dominica. Specifically, I summarize available information on Dominica’s
climate, geology, soils, hydrology, flora and fauna, natural hazards, coastal resources,
landuse, and provide a brief overview of its economy and government. Then I address the
environmental impacts in terms of land disturbance and contamination, air and water
quality impacts and coastal degradation. I leave it to others to evaluate how these changes
will affect the economy and culture of Dominica.
i
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CHAPTER 1: PURPOSE AMD MEED FOR THE PROPOSED EIA
Background and Purpose
The island nation of Dominica (pronounced "Dom-in-eek-a") lies in the center of
the Lesser Antilles group of Caribbean islands between the French Islands of Guadeloupe
to the north and Martinique to the south (Figure 1.1). The island is only 29 x 16 miles
with more than 1/3 of the island covered by pristine rainforest that represents the largest
remaining area of primary oceanic rainforest in the Caribbean.
In 1995, an international mining company. Broken Hill Proprietor Inc., (BHP)
proposed to exploit an economically valuable copper deposit found on the island nation.
A new Mines and Minerals Act (1996), written with help from BHP, was rushed through
Dominica’s Parliament without public discussion (Kennedy Per. Comm. 1996).
No Dominican law outlines or requires that environmental impacts of government actions
be formally scrutinized and publicly disclosed. The Commonwealth of Dominica has not
adopted any legal framework for analyzing and disclosing environmental impacts of its
actions. However, in 1996, through it’s National Environmental Impact Assessment
Action Plan for Dominica (DEPS NEIAP1996), the Government of Dominica mentioned
a proposed plan for EIAs, but this plan was never formally adopted.
The Mines and Minerals Act (MMA) of 1996 repeals Constitutionally guaranteed
indigenous land and mineral rights, assigning those rights to the state. In addition, it
changes requirements for land compensation previously guaranteed to citizens (Kennedy
Per. Comm. 1996).
The environmental impacts from exploration and mining in Dominica’s forests
1
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Figure 1: Map of the Eastern Caribbean, showing the location of Dominica
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(development of roads, drilling, excavation, chemical use, and ore transport) could be
dramatic, especially under the new less protective law. Currently, Dominica has no laws
that deny, or even regulate, the right of any company to explore, locate and develop a
mine on public land. Therefore, all publicly owned lands are open to mineral entry and
claim. On the heels of this legislation, in 1996, BHP Ltd. asserted its lawful right in
petitioning for an exploration permit.
In 1997, A)r unknown reasons, the international mining company withdrew it’s
petition for permits and abandoned its development plans. However, in the same year the
government of Dominica announced that it was its right and obligation to exploit
Dominica’s natural resources. Currently, the government is actively seeking other
international mining companies to invest in development and exploitation of mineral
resources on the island (Kennedy Per. Comm. 1996). Therefore, even without a current
mining proposal on the table, the threat of large-scale mining on public lands is a strong
possibility Given today’s low world market price for copper, is mineral development in
Dominica’s best interest? Will the benefits of mineral development outweigh the cost of
environmental degradation especially given the lack of environmental protection in place
today? This EIA will attempt to provide Dominica’s people with a better idea of how
mineral development may impact their environment and lives so they can make a more
informed decision.
In 1971, Eisenberg & Co., formally a large mining firm in the United States,
reviewed mineral assay results collected by Lions Mines Ltd. (US mining company)
earlier that year. Upon evaluation of the assay, Eisenberg & Co. stated in a letter to the
Dominican Government, dated September 3,1971;
3

“Due to the extremely low copper content, we do not see merit in this
proposition unless the cubication o f the deposit shows a tonnage o f l O 30 million tons (minimum) o f this mineral. For your irrformation copper
minerals with such extreme low copper content as shown in your core
assays, cannot be economically explored without a very large investment
which would be only warranted if the deposit is large enough. ” (Paul
Neurath of Eisenberg & Co. quoted in COD 1977)

Under British control at the time, the Government of Dominica accepted the
report by Eisenberg & Co. on the economic feasibility of development. Today, however,
the new independent Government is taking a different stance. As Prime Ministry Edison
James stated, “We have a responsibility to exploit the natural resources of our country in
a manner which can generate economic growth” (Unknown, Independent 1997). Today’s
market and mining technology are drastically different from that of the early 1970’s;
hence the mineral deposit may now be economically feasible to mine. BHP Ltd. showed
interest before withdrawing, so development of large-scale mining is still considered
feasible by today’s Dominican Government.
If any mining company is successful in developing a large-scale mine, its
operations will directly impact a major portion of the island’s unique ecosystems and
social structure. It is vital that all the people of Dominica understand the potential
degradation that may arise. However, understanding the impacts involved in large-scale
mining is difficult. One needs to understand the hydrology, climate, geology and other
natural resources in the area, the mineral extraction and waste disposal methods, and
impact prevention and remediation practices. Experience with other mines has shown that
impacts can continue long after development is over.

In the summer of 1996, when mining issues became a major concern for citizens
concerned with environmental exploitation on Dominica, the Dominican Conservation
Association (DCA), a non-profit environmental group, was seeking help in addressing
these issues. Mainly, the group was concerned with the possible environmental and
cultural impacts that large-scale mining would have on the small island. Disagreeing with
the stance the Government of Dominica was taking on this issue, the DCA sought
international help. Specifically, the DCA was looking for an environmental group with
technical experience in environmental impacts of mining. Two groups stepped forward
with assistance: The Mineral Policy Center (MPC) in Washington D C. and Project
Underground (PU) in Berkeley, CA.
As an employee with MPC in 1996,1 became involved with gathering technical
information on mining, its environment impacts and multinational mining corporations.
Later 1 chose to volunteer my services to PU and the DCA to conduct and write an
Environmental Impact Assessment (EIA) similar to that required in the United States for
such a development. In the summer of 1997,1 traveled to Dominica and conducted field
research for the EIA. 1 collected as much information as 1 could on the environment,
culture, and economy, but information describing this small developing island nation is
scarce. My research on the island consisted of collecting as much relevant information as
possible (much of this information is old and possibly outdated), interviewing local
people, and surveying the area explored by BHP in 1996.
This document analyzes the possible environmental consequences of large-scale
hard-rock mining in the rainforest of Dominica, specifically in the Deux Branches area of
the North-West section of the island. The geographical scope of the analysis is limited to
5

•

the specific area of BHP’s proposed development. Dominica Water and Sewage
Company (DOWASCO) delineated the mine development boundary on a topographic
map (1.25,000). The area inside this boundary will be referred to as the ‘Study Area’ or
Study Site’. This area is delineated by black shading and is shown on Map 1 and Figure
1.2. The red shading on these maps delineates the area I believe would be affected by a
large scale mine in the study area. This document explains why I think these areas would
be affected.

Methodology
Detailed environmental data is not available for Dominica, nor is there a specific
mine development proposal. Hence, I will not attempt to analyze a specific project in the
detail found in a US Environmental Impact Statement (EIS). I will attempt to summarize
existing information and provide a preliminary assessment of the potential environmental
impacts of a large-scale hard rock mine in such an environment.
No methodologies provide complete answers to all questions raised in impact
assessments. I will begin as most EIA’s do, with a description of the affected
environment and culture, followed by a prediction of potential impacts. Given the limited
environmental data on Dominica and the lack of a specific mine proposal, I plan to use a
comparative analysis to predict potential impacts.
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To do this» several case studies of large-scale open-pit mining operations will be
used to illustrate the potential environmental impacts of mining in Dominica. These
include: the Omai Gold Mine in Guyana, the Ok Tedi Copper Mine in Papua New
Guinea, the Marcopper Copper mine in the Philippines, the Bougainville Copper mine in
Panguna (Bougainville Island), as well as some sites in the United States. Except for the
U.S. mines, these mines all have environmental features similar to that of Dominica rugged tropical environments with steep slopes and deep ravines and periods of intense
rainfall. All mines are owned and operated by multinational mining corporations in
countries where the national government has a strong desire to promote mining. All of
these mines are considered to be modem mines (operation began within the last 20-30
years) and use the ‘state of the art’ mine development technology that was available when
operation commenced.
Any proposed mining project or development activity should be viewed in terms
of where, when, in what form and for how long it will occur, as well as who or what it
will affect. Environmental impact assessments (EIA) attempt to answer these questions
and show the relationship between development of natural resources and social
conditions or services. The intensity and severity of the effects of the proposed activity
on all environmental aspects should be fully disclosed to the public whose concerns about
the project should be a primary focus of the decision making process of their government.
This EIA will attempt to (1) describe the proposed action; (2) analyze the
potential environmental impacts; (3) address laws and regulations pertaining to the
proposed project; (4} explain likely impacts in a manner that a lay audience, as well as,
scientifically trained individuals would understand, and (5) make recommendations for
s

protection of the environment and the people mostly likely to be affected by
development.

CHAPTER 2 : AFFECTED BIOPHYSICAL EMVIRQhMEhT

Dominica’s Location and General Condition
“Dominica is an island of rainbows. Mists rise gently from lush green
valleys and fall softly over blue peaks. Rivers framed by banks of giant
fern rush and tumble to the sea” (Wilson 1988).

The Lesser Antilles are made up of two arcs lying almost parallel to one another
(See Figure 1.1).’ The outer arc is older while the inner arc, upon which Dominica lies, is
younger.^ This arc extends from the Trinidad-Grenada Passage in the south up to the
Anegada Passage between the Virgin Islands and Anguilla (Honychurch 1995).
Dominica, known as the ‘Nature Island’ of the Caribbean, lies between Martinique and
Guadeloupe. Positioned roughly 15.5 degrees north of the Equator, Dominica is 29 miles
long, and 16 miles at its widest point, with a land area just under 300 sq. miles or 751
km^ (See Figure 1.2 page 7). As the northernmost and largest of the Windward Islands,
its high volcanic peaks, lush rainforest, numerous rivers and waterfalls, and great
diversity of flora and fauna, have suffered less environmental degradation than many
other Caribbean Islands. In fact, its rainforest is considered the largest remaining primary
rainforest in all the Caribbean (Kennedy Per Comm. 1996).

1 The Lesser Antilles is a chain o f Windward and Leeward Islands extending about 430 miles from
Sombrero in the North (Latitude 18.5° N) and Grenada (latitude I2°N) in the South.
2 For a more descriptive outlook on the formation o f these islands refer to Honychurch, Lennox (1995).
10

Geology and Soils of Dominica
Dominica began forming about 26 million years ago (Honychurch 1995). The
island sits on the edge of the Caribbean Plate, which is being pushed eastward, and the
Atlantic Plate, which is being pushed under the edge of the Caribbean Plate. The
island is still changing due to wind, rain and the extreme wave actions of the sea.
Dominica has similar geographic features to its neighbors - Guadeloupe to the north and
Martinique to the south. “The geology of the island is predominately volcanic deposits of
andesitic and dacitic composition” (DeGraff 1990).
Ten volcanic centers form a north to south chain of rugged steep mountains.
Dominica’s highest peak, Mome Diablotin, reaches 4,747 ft. Other peaks include Mome
Trois Pitons (4555 ft), Mome Microtin (4,0006 ft) and Mome Anglais (3,683 ft) (See
Map 1). From Mome Diablotins, in the north, to Mome Plat Pays, in the south, only one
point is lower than 1500 feet. River valleys, minor portions of coastal areas and the center
of the island, are the only relatively flat land areas on the island (See Map 1).

Soils of Dominica
Lang (1967) mapped 75 soil types in Dominica. He divided these into five
primary soil groups (Lang, 1967) (See Table 2.1 ). The distribution of soil types is shown
in Figure 2.1 and 2.2. A description of soil types is listed in Appendix 1. All soils of
Dominica are considered the product of weathered volcanic material. Today much of the

11
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DEEP, ALLDPHANIC CLAY
DEEP, KAOLINITIC CLAY
DEEP, COARSE-TEXÏURED
COMPLEXE OF SHALLOW &
DEEP SOILS
6 - SHALLOW
7 - MONTMORILLONITIC CLAY
WITH SILICA PAN

Source: CEP (1990)
Figure 2.1: Distribution o f soil types in Dominica
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Table 2.1 : Area of Each Soil Type
Total Land (Hectares)
Soil Type

Total

Percent

Shallow Soils over Volcanic Material

25,280

32.0%

Deep, strongly weathered allophanic and
kaolinltic day soils with good physical
properties

40,290

51.0

Deep, weakly weathered sandy soils from
volcanic pyrodastics

4,740

6.0

Montmorillonitic clay soils, usually shallow
and with a silica pan (shoal soils)

7,110

9.0

Alluvial soils

790

1.0

Other soils
Total

790

10

79,000

100%

Source: The percentage distribution in 1983, CCA DCEP 1990 p. 9.

island’s bedrock is covered by what is called ‘tarrish”, the remains of debris ejected from
volcanoes that erupted long ago. The soils of Dominica are considered to be more
complex that those of other Eastern Caribbean islands, due to the younger age of the
volcanic deposits and the higher levels of rainfall (Sweeney 1981).
Soil type largely determines the distribution of the different vegetation types.
According to Lang’s (1970) maps on soil distribution, the rainforest exists principally on
yellow earth (Allophonoid latosols) in the central wetter parts of the island. In contrast,
the lower Montane forest occurs mainly on the red soils (mixed protosols and
Allophonoid latosols). The protosols that occur in Dominica erode very easily,
particularly on steep slopes. Unfortunately, no reports have quantified the soil types,
depth or soil loss in the mine exploration area. Lang and Williams studied the soils in the
exploration area and indicated that the soils are probably classified as red and brown
earthen soils (Per Comm. 1997).

Study Area
As shown in Map 2, the exploration area used by BHP in its proposal is located in
the north-eastern portion of the island and covers 35 sq. miles or about 15% of the
island!. Information for boundaries was taken from DOWASCO’s map. The topography
is described as being very rugged with steep slopes and relatively few areas of flat or
moderately sloped land. The highest point in the area is Mome Fraser at 2272 ft.
Topography changes drastically in very short distances.
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Soil types in the exploration area, according to Lang’s surveys, are divided into
four main groups of volcanic material (See Figure 2.1 ). Along the coast, basalitic molten
rock forms the steep cliffs along the eastern coast. Moving eastward, the soil type is
Kandoid latosoiics, with patches of younger hydrogenic groups and protosols. The main
section of the exploration area is covered vnihAllophanoid latosolic soils, which are
readily erodible, unconsolidated and friable (Lang, Per. Comm. 1997).
Most slopes within the study site are >25%, with some as steep as 50% (Williams
Pers. Comm. 1997) (See Photo 2.1). Any recent reports on soil data are a rearrangement
or simplification of Lang’s original data. Without area estimates and quantitative data,
only a rough estimate can be made of the soil of the study area and slopes based on
Lang’s interpretations.

Mineral Deposits
Like other Caribbean islands, Dominica is rich in mineral resources (Evans
1986a). Geochemical exploration work, was conducted in the proposed project area in
1968, by Walter Williams, a geologist working for the Lands and Survey Division,
Ministry of Trade for Dominica. According to Williams, fieldwork consisted of the
collection of stream sediment samples and analysis of these samples through “wet
colorimetric instrumentation” (results in ppm) for copper and zinc concentrations. In
addition, Williams also completed a detailed map of the area, delineating areas of
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Photo 2.1: The steep slopes o f Dominica have made developm ent in the interior o f the
island very limited. Slopes can be greater then 50 percent and covered with dense rain
forest vegetation.

Photo 2.2: Several pits, such as this one, were dug by Mr. W illiams in the late 1960’s to
determine the mineral content o f the Deux Branches area.
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collection (Williams Pers. Comm. 1997). These maps are presented in this report (See
Maps 1-3). According to Williams “every river, stream and tributary was sampled from
the mouth to the source and vice versa at a distance of 1500 feet apart in the main
drainage and at junction of the main river and tributary”. Because of the high copper
concentrations in stream sediment in the Bome-Deux Branches area, Williams did a more
detailed sampling collection, within the anomalous area (See Figure 2.3). Williams took
soil samples in various spots in the area, “one foot below the surface and at every point of
a hundred feet apart” to form a grid over the area (See Figure 2.3). These samples were
analyzed for copper and zinc. Where concentrations were relatively high, a series of pits
was dug (See Photo 2.2). Rock samples were taken by hand and shoveled from seven
pits, which varied in depth from 7 to 13 feet; soil copper levels reached a peak of 2400
ppm and had an average of 862.1 ppm (Williams Unpub. Report). Williams reports that
the rocks and soils in the area consist of volcanic rock which is highly weathered, weak,
and fractured (See Photo 2.3 a, b).
In 1970, Lions Mines Ltd. drilled two boreholes in the anomalous area (GOD
Interim Report 1977). Quantitative analysis was conducted by Crest Laboratories Ltd. of
Canada. Instrumentation used in this test is unknown; however, results reported by this
lab indicated that borehole #1 had 0.08% copper and borehole #2 had 0.04% copper.
“Only trace amounts of gold, zinc, silver and molybdenum were found in both core
samples” (GOD Interim Report 1977). Split samples were sent to the Guyana Geological
Survey Unit for analysis, but results reported were drastically different.
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Photo 2.3: A rock sample collected from a pit in the Deux Branches area. The upper
photo shows the seemingly unweathered rock after collection. The lower photo shows
how crushing the rock by hand reduces the weathered material into fragments o f weak,
fractured rock.
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According to their results, assays for copper were 0.5 percent for one of the
boreholes (GOD Interim Report 1977). The report does not indicate whether both
laboratories used the same analytical instrumentation and methods or the results of
quality assurance and quality control evaluation (QA/QC).
The mining firm Broken Hill Proprietary Co. Ltd. used the above study to guide
its exploration work in the area. This study provides the only description of the geology
of the two copper anomalies and their locations. According to Williams initial fieldwork,
the main copper anomaly, which is located in the Deux Branches area, runs along the
Pagua River in the Northern section of the exploration area (See Map 1 and 2 or Figure
1.2 page 7). This copper anomaly is 1% miles by % mile, as indicated by stream and soil
samples collected in 1968. Peak soil concentration occurs in two areas (See Figure 2.3).
One is 3000 ft x 500 ft. and the other is 660 ft x 300 ft. Peak soil concentrations where
900 ppm copper, with an average concentration in both areas of approximately 200 to
400 ppm. Zinc soil concentrations were reported to range from 80 ppm to 140 ppm, with
a high of 140 ppm (See Map 3).
A second copper anomaly is located in the southern section of the exploration
area, west of the Saint Sauveir settlement (See Map 1 and 2 or Figure 1.2 page 7). This
anomaly runs along two rivers - Fond Figures River and Vio River - both of which are
branches of the Castle Bruce River. This anomaly, which 1 delineated using Williams
map, is approximately 114 miles by Va mile (See Map 2). This anomaly also has two areas
of peak copper, which follow the Fond Figures River and Vio River. Maximum copper
concentrations were 180 ppm in soil, with an average in both areas of approximately 100
21

-140 ppm. Soil Zinc concentrations were reported to range from 80 ppm to 140 ppm (See
Map 3).

Climate
Dominica has a humid tropical climate. However, as DeGraff (1990) notes, “the
high central peaks modify conditions leading to a highly seasonal climate on the western
coast and weakly seasonal on the eastern coast.” Meteorological data is based on a
limited number of weather stations scattered over the island, and weather information is
given as averages of these stations. Mellville Airport on the northeast coast and Canefield
Airport on the southwest coast are the main stations on the island. Tables 2.2 and 2.3
show atmospheric conditions and rainfall data, respectively, from 1983-1993. The data
are averages for nine atmospheric stations on the island. High temperatures, rainfall and
humidity characterize the island throughout these years.
Figures 2.4 and 2.5 depict rainfall distribution for Dominica. Dominica is among
the wettest of the Caribbean islands, as evidenced by its lush rainforest. The average
yearly rainfall for the island is approximately 2,705.5 mm (See Table 2.2), with July
through November averaging the highest monthly rates (See Table 2.3). Rainfall
increases eastward towards the central parts of the island, where it can reach over 10m (~
400 in) annually (Caribbean Conservation Association, DCEP 1991). On the western
coast of the island, in the shelter of the steep mountains, rainfall drops off substantially,
to as little as 1,200 mm (less than 50 in) per year (CCA DCEP 1991).
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Table 2.2: Atmospheric Conditions for Dominica from 1983-1993
Tem perature (Degrees C)______

Year
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993

Maximum Minimum Maximum Minimum
Extreme Extreme
Mean
Mean
27.3
21.9
16.0
31.8
28.0
21.6
15.5
32.8
27.9
22.5
32.8
16.0
27.7
22.4
32.4
15.5
29.3
23.5
35.0
16.0
29.8
24.3
32.9
18.3
29.4
24.0
18.6
32.8
—
—
30.5
23.8
----—
33.2
24.3
----—
29.7
23.7
--------29.6
24.2

Average
Relative
Humidity
72.8
71.6
70.9
74.8
74.2
76.5
71.4
76.2
72.2
7.35
74.6

Total
Rainfall
(cm)
2.2
2.9
2.6
2.5
2.6
3.3
2.6
2.6
2.6
2.6
3.2

Source: Records of the Division of Agriculture. Pub. in the Statistical Digest
No. 8,1995 by the Central statistical Office Ministry of Finance.
Figures are average for Melville Hall and Canefield Airport unless indicated otherwise
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Year
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993

Jan.
0.14
0.23
0.13
0.20
0.10
0.19
0.14
0.21
0.19
0.22
0.29

Feb.
0.07
0.13
0.10
0.07
0.04
0.10
0.21
0.15
0.13
0.09
0.17

Mar.
0.11
0.16
0.15
0.20
0.06
0.17
0.27
0.14
0.16
0.05
0.12

Apr.
0.05
0.10
0.16
0.12
0.03
0.20
0.19
0.20
0.17
0.16
0.14

May
0.28
0.15
0.12
0.16
0.48
0.21
0.07
0.22
0.09
0.20
0.45

June
0.14
0.20
0.06
0.16
0.35
0.24
0.10
0.16
0.24
0.31
0.18

July
0.25
0.31
0.20
0.16
0.24
0.40
0.36
0.20
0.22
0.26
0.31

Aug
0.34
0.16
0.33
0.28
0.16
0.46
0.30
0.26
0.18
0.30
0.24

Sep.
0.36
0.31
0.31
0.31
0.17
035
0.40
0.21
0.31
0.36
0.44

Oct.
0.22
0.39
0.47
0.21
0.32
0.40
0.20
0.50
0.45
0.18
0.23

Nov.
0.13
0.58
0.37
0.46
0.49
0.42
0.17
0.24
0.51
0.32
0.42

Dec.
0.16
0.19
0.19
0.22
0.12
0 16
0.19
0.14
0.21
0.22
0.20

Total
Avfl.

2.0
0.18

1.3
0.12

1.6
0.15

1.5
0.14

2.4
0.22

2.1
0.19

2.9
0.26

3.0
0.27

3.5
0.32

3.6
0.32

4.1
0.37

2.0
0.18

Source; Records o f th Division o f Agriculture Pub in the Statistical Digest No.K 1995 by the
Central statistical OHicc Ministr> o f Finance
Figures are average for nine stations on island

Totals
2.3
2.9
2.6
2.6
2.7
3.3
2.6
2.6
2.9
2.7
3.2

Avg.
0.19
0.24
0.22
0.22
0.23
0.28
0.22
0.22
0.24
0.23
0.27

mm
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Figure 2.4: Map of rainfall patterns for Dominica
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Figure 2.5: Map of rainfall throughout Dominica on a monthly basis
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similar throughout the study site though there may be some micro-climatic site
differences. Of course, more intensive data collection in the study area would be
desirable to increase the accuracy of climate description in the study area. However, for
this study, rainfall averages (complied by Lang 1967) for the eastern portion of the island
will be used as the baseline for weather data at the study site.

Vegetation
The forests of Dominica are some of the most diverse in all the Caribbean. Over
one-third (-60%) of the island surface is covered by lush rain forest (CCA DCEP 1991 )
(See Figure 2.6) and (See Photo 2.4). These forests shaped the history and
development of the island as well as its environment. Today, these forests continue to
shape the island’s environment. “Dominica’s forests modify its weather and seriously
limit agricultural opportunity; at the same time, the country’s lush forested areas provide
a home for exotic tropical flora and fauna and are critical to retaining the island’s light
tropical soils on steep mountainous hillsides” (CCA DCEP 1991).
Dominica’s steep topography, high relief and varying climatic environment
determine the distribution of vegetation types. The vegetation types are divided into ten
groups according to rainfall intensity (See Figure 2.7). A more detailed description of
vegetation types are presented in Appendix 1. Land area for each type has been compiled
several times by different researchers, but the estimates differ significantly from study to
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Figure 2.6; Map o f rainforest cover in Dominica
Note: Pre-Arawak refers to the period before Arawak Indian settlement
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Photo 2.4: Dominica is home to some o f the most lush and undeveloped rainforest in the
Caribbean. The upper photo shows some o f the thick, mature rain forest near Atkinson.
The lower photo was taken while walking in the rainforest in the Deux Branches area.
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study/ Table 2 .4 and Figure 2 .7 contain spatial data of vegetation for Dominica in 1984,
complied by two international groups (EARTHSAT and OAS).
Dominica’s undisturbed forest flora is documented in detail, by Nicolson (1991 )
in the Flora of Dominica. Part 2: Dicotvledonae. “Over 1,000 species of flowering plants
are represented, with up to sixty tree species per hectare’’ (CCA DCEP 1991). In a survey
conducted by Evans (1986b), results showed that the island contains 1,226 species of
vascular plants, 155 families and 672 genera, 194 Pteridophyte species, 1 gymnosperm
and 518 monocotyledons. Although none of these species is known to be endangered,
some have severely restricted ranges (Evans 1986b).

Study Site
No site specific data concerning vegetation diversity exist for the study site. More
intensive data collection at the study site would be desirable to characterize vegetation
species diversity to better understand which species will be impacted and to what extent.
However, general data describing vegetation “types” for the entire island compiled by
Lang (1967) will be used as a reference for the study site. From Lang’s (1967) detailed
map, the study site area consists of dense (1 ) Mature Rain Forest, (2) Secondary Rain
Forest, (3) Agricultural Land, and (4) Littoral Woodland (See Figure 2.6).

3 Section 2 of the DCEP (CCA 1991 Pp. 39-64) provides a brief description on vegetation.
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Table 2.4: Rainforest Vegetation Type and Landuse
Vegetation Type
Agriculture
Urban
Swamp
Littoral wood
Scrub Wood
Semi-evergreen wood
Secondary rainforest
Mature rain forest
Montane forest
Montane thicket
Elfin woodland

Area (ha)

% Land Use

26,390
740
30
140
6,240
7,170
9,090
24,490
3,640
800
170

33.4
0.9
01
0.2
7.9
9.1
11.5
31
4.6
1
0.3

Source; Prins 1987 (in Clarke, 1994:6)
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National Parks and Forest Reserves
Designated National Parks and Forest reserves currently cover about 21% of the
island’s land area (Christian 1987; See Figure 2.6). ^ The National Parks exist primarily
for the ‘preservation of significant natural, ecological, historical and cultural areas’,
whereas the forest reserves are managed primarily for sustainable timber production
(Christian 1987). There are two forest reserves on Dominica; the Northern Forest Reserve
(8,800 ha/ 21,745 ac) and the Central Forest Reserve (410 h a /1,013 ac) (See Figure 2.7).
The Mome Trois Pitons National Park (6.872 ha/16,980 ac) was established in 1975 as
Dominica’s first National Park, and is located south of the Central Forest Reserve (See
Figure 2.7). In 1986, Dominica established its second national park, the Cabrits National
Park, in the Northwest of the island. Evans (1991) points out that the Northern Forest
Reserve is the largest undisturbed forest in the Caribbean, with some of the highest
biodiversity in flora and fauna in Dominica, if not the Caribbean.

Relevant Legislative Policy
In 1991, (revised in 1993) the Government of Dominica completed a National
Forestry Action Plan. The plan is intended to “guide the development of the island’s
forestry sector over the next 20 years” (GOD DNEAP 1994). The document looks at five
key areas of concern for the forest: “( 1) forestry in land use, (2) forest-based industrial
development, (3) fuel-wood and energy, (4) conservation of forest ecosystems, and (5)
institutions ”(GOD DNEAP 1994). The Forest Ordinance Act (1995) which authorizes

4 For more detailed information on these areas the reader should refer to the DCEP (CCA 1991).
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the establishment of these areas, prohibits certain activities in forest reserves to conserve
soil and water. The National Parks and Protected Areas Act (revised 1990) provides the
authority for establishment of these areas, but does not regulate activities within their
boundaries.

Water Resources
“There is a predominant ridge that runs almost at the center of the island, from
North West to South East, which contains most of the mountain peaks and divides
watersheds on the Windward and Leeward side” (GOD DNSP 1985) (See Map 1).
Dominica is said to have 365 rivers, one for everyday of the year (Sorhaindon, Pers.
Comm. 1997), though it is uncertain how many of these are small, ephemeral streams.
The main river valleys are found near the center of the island. These include the Roseau
and Layou Valleys on the leeward side with the Layou River forming the longest river on
the island. On the windward side, the major river valley’s (Clyde, Pagua, Castle Bruce,
and Rosalie) extend deep into the center of the island (See Map 1). A striking feature of
these rivers is the almost complete absence of suspended silt even after a period of
appreciable rains (CCA DCEP 1991).
In 1986, the Ministry of Communication and Water Exploration conducted a
survey of the groundwater potential in Dominica (Sorhaindon, Per. Comm. 1997). The
report stated that the government was unsuccessful in drilling groundwater wells, because
of the numerous fractures in the volcanic rock. Currently, there are no groundwater wells
on the island. All water used for local, industrial, or civil purposes comes from the rivers
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and natural springs. The Government tested for potable groundwater in the towns of
Giradel and Bellevule; however, these wells did not produce enough water to warrant
well development (Sorhaindo, Pers. C omm. 1997). According to Lang, volcanic rock
forms the entire island, with sufficient fissures, fractures and joints to make the rock
highly permeable. These permeable rock features dominate the physical structures of
Dominica, allowing for maximum infiltration and minimum run-off.

Drinking Water Catchment Areas
Dominica has forty-three watershed catchment areas used for drinking water
purposes, the nine largest are shown in Figure 2.8 (Sorhaindo Pers. Comm. 1997). These
catchments drain to collection ponds and settling ponds at the mouths of major rivers. As
the water is collected in these ponds, particulates settle out. From the collection ponds,
the water enters a chlorinating treatment system. Then it is moved via pumps and gravity
feed to local communities (Sorhaindo, Pers. comm. 1997). “Most of the country’s major
watersheds are concentrated in the central area of the island, on both
the west side (Layou River and Roseau River watersheds) and east side (Clyde River,
Pagua River, Castle Bruce River, and Rosalie River watersheds)” (CCA DCEP 1991).

Study Site
The study site overlaps four major watershed basins and numerous smaller basins.
The four large ones include the Pagua River, Castle Bruce, Layou River and Rosalie
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River (See Figure 2.8). These watersheds supply fresh water to numerous settlements
along the coast, adjacent to the exploration area, as well as the Carib Reserve. According
to Christopher Sorhaindo (Per. Comm. 1997), DOWASCO currently does not have
collection ponds built in the study site. However, the Pagua River and other major rivers
in the study site are used by villagers for fishing, washing, bathing, etc. If a mine were
developed in the study site, DOWASCO (or the mining company) would build a
collection pond to provide safe drinking water for those villages near the mine
(Sorhaindo Pers. Comm. 1997). However, because of the numerous water impacts
created by mining (see section on impacts to water), a collection pond alone does not
f
guarantee safe drinking water.
Two major rivers and numerous tributaries flow through the study site from the
center of the island to the coast (See Map 1 or Figure 1.2 page 7). The Pagua River drains
the northern portion of the study site and flows from the interior of the island over copper
anomaly 1 to the Pagua Bay in the north east coast. The Belle Fille River drains the
southern portion of the study site area and flows over the second copper anomaly Before
it reaches the coast, this river splits, forming the Castle Bruce River. Eventually these two
rivers reunite as they enter the coast at St. David Bay. There is an abundance of water
from streams and rivers. These watercourses arise in the mountains and travel a relatively
short distance (8-12 miles) before reaching the coast.
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The stream hydrology, chemistry and aquatic life conditions of the study site have
not been characterized. Therefore, only a general prediction of the impacts to these water
systems can be made.

Relevant Legislative Policy
Dominica has several water quality laws set up to protect drinking water
catchment areas. However, there are no regulations that quantify what conditions must be
maintained (i.e. no water quality standards). Without standards or enforcement the laws
provide little protection from mining impacts. Dominica’s treatment standards are those
outlined by WHO guidelines for minimum treatment of public water. This consists of
settling in ponds and chlorinating of water. No further treatment is required. According to
Christopher Sorhaindo (Per. Comm. 1997), the Government currently does not have the
financial capacity to support stricter standards then these basic measures or “Aesthetic
View Standard”.
The Water and Sewage Act (1989), authorizes “the orderly and coordinated
development and use of Dominica’s water resources for the benefit of present and future
generations of Dominicans and to provide the Dominican public with a safe, adequate
and reliable supply of water” (GOD DNEAP 1994). The Public Health Act (1968),
provides general authority “to protect water quality” of Dominica from municipal and
industrial waste. However, regulations concerning water quality criteria and standards for
industrial wastewater discharge, as well as for solid/hazardous waste management, have
not been adopted by the government. Without these criteria and the appropriate legal
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sanctions or penalties for violations, enforcement against polluters (e.g., industrial
effluent discharges) is nonexistent.
The Central Water Regulation Act (No. 1 of 1973), prohibits damaging or
removing any trees, lawns or plants from within the gathering grounds of a catchment
(Lausche 1987). Gathering ground refers to the surface area that collects rainfall for the
waterworks. “It would appear that while water supply seems plentiful in Dominica, a
legal framework for water resources conservation and management is needed to maintain
quality and quantity. While the Forestry Division is concerned about protection of the
catchments, its authority is limited and uncertain on private land” (Lausche 1987).
A number of existing laws provide for watershed management activities on the
island. “Chapter 80 of the Laws of Dominica entitled ‘Forestes’, makes provision for the
control of felling of trees and the extraction of forest products in the state. It also
empowers the forestry and conservation officers to carry out their duties” (Grégoire &
James 1985). The National Park and Protected Areas Act of 1975, protects these lands
and waters, “for scientific, educational and recreational purposes. The law stipulates that
there should be absolutely no cutting of trees within the National Park” (Grégoire &
James 1985).
Finally, “the Forestry Division of the Ministry of Agriculture Lands and Fisheries
is mainly responsible for watershed management on the island.” (Grégoire & James
1985). Flowever, Dominica’s statutory law on water resources states, “all waters
resources, whether surface or underground, are subject to a right of use accruing from the
mere fact of owning land riparian to a watercourse, or overlying an underground aquifer”
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(Grégoire & James 1985). Other Forestry Division duties include, preventing floods, soil
loss, preserving adequate water supply, scenic beauty and flora and fauna.

Coastal and Marine Resources
Dominica has 153 km of coastline, with a narrow coastal shelf surrounding the
island. This coastal shelf extends approximately one km off shore along the western
coast, while on the eastern coast, it extends out to approximately five km.^ Similar to the
west coast, shorelines on the east coast are narrow with some beaches of stones and black
volcanic sand. Unlike the western shoreline, which is relatively flat, the eastern shoreline
has ancient volcanic lava flows, which form steep, rugged cliffs, where the Atlantic
Ocean currents pound the coast (See Figure 2.9 and Photo 2.5).
There are several coastal areas where there are extensive live coral reefs near the
shore. The most significant coral reefs are found along the southwest and northern
portions of the island (See Figure 2.9). However, two coral reefs, which Goodwin (1985)
identifies as having some of the richest coral assemblages, are located on the north
eastern coast in Calibishie (See Figure 2.9).

5 In the southern, western portion o f the island, this shelf extends out approximately 1 km. (CCA 1991).
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Grand
Bay

Photo 2.5: Lava from ancient volcanoes flowed into the Atlantic Ocean. The upper photo
shows the steep cliffs which formed along the coast near Atkinson, looking North. The
lower photo shows the rough ocean waves pounding the lava formations near Atkinson.
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Study Site
The study site encompasses roughly 2 Vz miles of eastern coast line (See Figure
2.9). Due to the rugged coastline, seagrass, mangrove and coral reef habitats are not
extensive, and small sandy areas can be found, but most of the eastern coastline is formed
with steep cliffs that are the remains of volcanic lava flows. Pagua Bay and St. David Bay
form small, narrow volcanic sand beaches, which are popular places for locals and
tourists (See Figure 2.9). On the East coast, Atlantic currents split in the vicinity of Point
Giraud (Southern portion of the island), flowing north and south around the island.
Currents, which hit the coastline of the study area, flow north around the island, to the
Guadeloupe Channel. “Currents that sometimes exceed 1 m/sec set westward off the
north and south coasts during flood tides” (CCA DCEP 1991). Though no coral reefs
exist within boundaries of the study site, the rich Calibishie and Pointe Baptiste coral
reefs are within six miles north of Pagua Bay and may be affected, due to the northern
movement of the Atlantic currents. The limited information on coastal areas in the study
site limits the ability to assess all impacts on coastal waters, beaches and coral reefs.

Relevant Legislative Policy
“Currently there is no integrated approach to management and development of the
coastal zone in Dominica” (Lackhan 1992). The Beach Control Act (1990), “reserves the
island’s foreshore and seashore for public use and provides general authority for
protection of the beach resources” (GOD DNEAP 1994). Specifically, the Act prohibits
activities that are destructive to beaches and public seashore areas.
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Wildlife/Fauna
“There are many theories on the way in which plants and animals came to
Dominica and the islands of the Caribbean, but it is generally accepted that most of the
early plant life originated from South America” (Honychurch 1978). Dominica is said to
have the most diverse assemblage of wildlife in the smaller Eastern Caribbean islands
(CCA DCEP 1991). Zamore (1986) compiled the only comprehensive document on
invertebrate and vertebrate groups in Dominica, however this list is considered to be
incomplete and may be outdated (James Pers. Comm. 1997).* Dominica’s bird population
is the most diverse of the Lesser Antilles, with about 166 bird species, fifty-nine of which
breed on the island (See Evans, 1986b; James 1991; and Zamore 1986). The remaining
are migratory birds.
Though Dominica does not have an act like the U.S. Endangered Species Act, two
endemic parrots of Dominica are considered endangered (James Pers. Comm. 1997), The
national bird, the Imperial Parrot or Sisserou (Amazona imperialist, of which a
population of 80 individuals remained in 1990, is located mainly in Parrot Habitat Refuge
in the Northern Forest Reserve (See Map 4 and Figure 2.10).

6 For a detailed discussion of this issue refer to the DCEP (CCA 1991) Section 2.2, Pp. 54-60. An update
and comprehensive list o f wildlife is currently being developed (Per. Comm. James).
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Figure 2 II: Distribution o f the red-necked parrot (Jacqout)

The Red-necked Parrot, or Jacquot (Amazona arausiaca). has a population of 200
according to Evans’ (1991) and is now confined mainly to the Northern Forest Reserve
(See Figure 2.11). Other species include hummingbirds, finches, Siffleur Montagne (a
mountain bird of the upper levels of the forest found only in Dominica), Trembleur, and
Sucriers (common names).
In addition, the rainforest shelters at least three species of amphibians, eighteen
reptile species, around 18 species of mammals (twelve of which are native bats, and the
rest are small rodents; no large mammals live on the island). The most numerous species
are the insects. Various species of wasps, butterflies, moths, beetles, grasshoppers and
crickets live throughout the rainforest (Honychurch 1978; Evans 1986a, 1986b).

Study Site
No quantitative data concerning wildlife exist for the proposed project area. Since
the site covers a large portion of the entire island (-15%), the diversity of wildlife in the
study site is probably large. In addition, Zamore (1986) states that certain species have a
limited range. One such species is the Sisserou Parrot, which is limited to a protected
habitat reserve in the northwest portion of the Northern Forest Reserve. The boundaries
for these species ranges are fixed locations in specific areas of the island. In addition, it is
not known whether any of these ‘fixed’ species ranges exist within the proposed project
area. However, a number of species such as the Trembler and some insect species,
migrate from lower elevations to higher elevations and from coastal areas to the interior,
in search of food and nesting areas (James, Pers. Comm. 1997). Any species living in and
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around the study site may use the area, and therefore all these species should be
considered potentially at risk.

Relevant Legislative Policy
The Environmental Health Services Act of 1997, the National Parks and Protected
Areas Act of 1975, the Forest Act of 1961 and the Forestry and Wildlife Act (revised in
1990), all contain sections that outline protection of wildlife and wildlife habitat.

Natural Hazards
“The Caribbean - one of the most disaster-prone areas of the world - is exposed
to hurricanes and their associated storm surges and wave action, earthquakes and
earthquake-generated ocean waves (Tsunamis), volcanic eruptions, landslides and
rockslides, flooding and droughts” (CCA DCEP 1991). Natural hazards are defined as
those occasional short-term natural phenomena, which have the potential to create severe
impacts on the physical, economic and social environment of an area. Dominica, which
has suffered a number of these natural hazards, is particularly vulnerable because of its
small size and location. In 1996, the National Emergency Planning Organization (GOD
NEPO) of Dominica published the National Disaster Plan 1996 to deal with the
management of the disaster situations that may occur on the island. The document
outlines several natural and human caused hazards that affect Dominica. These include;
hurricanes, severe weather, landslides, and volcanoes. A few of these are described in
more detail below.
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Hurricanes
Located in the hurricane belt of the Caribbean, Dominica has been hit by
hurricanes every 15 years on average (CCA DCEP 1991). The official hurricane season,
is from June to November; however, records show that hurricanes have hit outside of this
period (GOD DNS? 1985). In 1979, hurricane David hit the island of Dominica, with
winds of 240 km/hr (150 miles/hr), damaging 80% of the rainforest, 100% of the banana
crop production, 95% of the coconut trees, and leaving 70% of the population homeless
(Nicolson 1991). The most destructive hurricane on record, David struck the island for
nearly six hours, destroying most of the island’s electricity transmission system and
severely damaging its communication network (CCA DCEP 1991).
But even hurricanes that ‘miss’ the island can have an impact. In the 15 years
from 1979 to 1995, seven hurricanes impacted Dominica to some degree (Unknown,
Caribbean Disaster News 1995V Hurricane Gabriel passed 400 miles northeast of
Dominica in September, 1989, generating swells which affected the windward coasts of
Dominica (Cambers and James 1994). In 1989, hurricane Hugo passed 50 miles to the
north of Dominica. While the West Coast suffered the most severe damage, Evans
(1986a) states in his studies “that there was no part of the island that did not suffer some
damage” from Hurricane Hugo.

Volcanoes & Earthquakes
Dr. John Shephard, the Director of University of West Indies Seismic Unit, states
in Dominica’s Environmental Profile document, that “although no volcanic-related
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disasters have occurred in Dominica, at least in historic times, the capital city of Roseau
is virtually “looking into the gun barrel of a set of active and dangerous volcanoes” (as
quoted in the CCA DCEP 1991). He notes, that at least four active volcanoes are present,
and that Dominica is 'perhaps the most complicated volcanic island in the whole of the
eastern Caribbean” (Unknown, Caribbean Disaster News 1988).
“Ongoing seismic activity on the island has been recorded since 1953 and has
revealed that a number of earthquakes may be volcanically related, associated with
shallow processes taking place beneath Dominican volcanoes” (CCA DCEP 1991).
Though much earthquake activity has been recorded, these activities are minor and have
not caused measurable impacts to the island. Volcanic activity is present in the Sulphur
Springs region, as well as the area of the Boiling Lake and Valley of Desolation and
Wotten Waven, all areas south west of the study site (See Map 1).

Landslides
In 1967, through a study of soil properties, slope, vegetative cover and rainfall,
Lang was able to identify areas which are prone to landslides (Figure 2.12). “The most
common landslide type in Dominica is categorized as a ‘debris flow’, but the country also
experiences rockfalls, rockslides, and debris slides” (CCA DCEP 1991). In the late
1980’s, DeGrafFconducted research on landslide activity around Dominica. In 1987,
DeGraff, identified 980 individual landslides, with an average size of 10 acres (DeGrafF
1990). DeGraff (1987) found that over two percent of the island’s land area is disturbed
by existing landslides. In addition, DeGraff (1990) notes that landslides are more tied to
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vegetation type and cover then to soil properties; the denser the vegetation or canopy, the
more protection the soil and slopes will have.

Study Site
Very little site specific data concerning natural hazards and their impacts exist for
the study area. Due to the island’s small size, natural hazards such as tropical storms,
hurricanes, earthquakes and volcanoes, often affect the entire island. With the rugged,
steep topography and high soil porosity, the study area is prone to landslides year round.
The topography of the study area, matches well with DeGraff s descriptions of areas
prone to landslides. In fact, DeGraff, (1990), notes that slopes which run along the main
roads in the study site are prone to landslides.
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CHAPTER 3: AFFECTED SQCIQ-ECOMOMIC EhVIPOhMEMT
Government
On the 3”^of November 1978 Dominica separated from its ‘mother land’, Britain
and became an independent Nation. On that date the newly written constitution (written
on the 25"^ of July 1978) was accepted and a sovereign democratic republic of the
Commonwealth style was formed (Honychurch 1995). At this time Dominica was the
only former British territory in the Caribbean to move to full republican status. Under the
constitution, the executive authority of Dominica was vested in the newly elected
President, with the President acting in accordance with the advice of the Cabinet or a
minister acting under the general authority of the Cabinet (Honychurch 1995). The
President is elected for a five-year term and “appoints as Prime Minister [an] elected
member of the House” who is the head of the Cabinet of the parliament government
(CCA DCEP 1991). Patrick John became the Nation’s first Prime Minster and in his
opening ceremony speech stated that

“his Government would respect citizens’ rights to life, liberty and pursuit
of happiness, that an independent Dominica would adopt a non-aligned
foreign policy of support for the Third World in its struggle for social and
economic justice, and that it was the government’s intention to have
neither a state-owned economy nor a capitalist monopoly ”(Honychurch
1995).
The legislative branch of the Government consist of a unicameral House
of Assembly of 31 elected members and nine appointed senators (Senators are
appointed by the President on advice of the Prime Minister). The government was
reorganized after the 1990 elections with 10 ministers elected to head major
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branches of government, such as the Ministry of Finance and Economic
Development and the Ministry of Agriculture and the Environment. Villages are
overseen by ‘Village councils’ (there were 34 in 1991). Village councils are partappointed and part elected and have legal status as corporate bodies to oversee the
public responsibilities of local communities.

Villages
Despite a high birth rate, Dominica’s population decreased from 75,495 in 1984
to 71,872 in 1992 (See Table 3.1), suggesting considerable out migration. However, in
1993 the population started to rebound slightly and according to the last poll, the current
population is around 74,700 (GOD 1997a). Most villages are located along the coast,
where the topography is flatter, and agricultural lands are more accessible (See Figure
3-1). Dominica is divided into ten Parishes, which are equivalent to counties in the U.S.,
three of which overlap the study site boundaries (See Figure 3.2). Population levels (CCA
DCEP 1991 census) in the three Parishes were as follows; St. David (7,337), St Joseph
(6,606) and St Andrew (12,748). In addition, the Carib reserve is home to over 3,000
Carib Indians. These three Parishes include of numerous small villages and a few large
ones, namely Castle Bruce (population about 1,474) and Marigot (population about
3,183) (GOD DNSP 1991). Within the area are eight major schools, and two health
services, but no major fishing harbors or ports.
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Table 3.1: Total population Census 1984-1994
I
Natural
End of year Mean
1
Increase Population Population*
Year
Birth
Death
1,284
75,027
1984,
1,716
432
75.495
1,237
74,218
1985:
1,703
466
74.623
73,578
19861
1,721
488
1,233
73.898
73,044
1987
455
1,166
1,621
73.311
72,652
1988;
1,731
424
1,307
72.848
71,457
1989
1,657
497
1,160
72.055
71,568
1990
1,604
1,092
512
71.513
1991 !
1,194
71,373
1,712
518
71.471
1992;
1,269
72,370
1,835
566
71.872
1993;
1,757
558
1,199
73,202
72.786
74,750
19941
1,599
530
1,069
73.976
!
1
* Mean Population takes into account immigration & migration Numbers
Source: Ministry of Health, Immigration Department and Central
Statistics Office. Pub in the Statistical Digest No. 8 1995
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Carib Reserve/Territory
“Dominica has a significant community of native Carib people, approximately
3,000 (1994 figures), who live on a 5.78 square mile (3770 acres) territory on the east
coast” (GOD NEAP 1994). As illustrated in Map 1, the northern most section of the
study area borders the Carib Territory (formally the Carib Reserve). This Territory is the
only such reservation in the Wider Caribbean (GOD NEAP 1994). In 1978, the Carib
Reserve Act was passed in Dominica, allowing for an independent council of tribal
leaders for the reserve area. The Carib Reserve maintains a system of communal land
tenure, which is currently the only such system known to be in existence in all the
Caribbean (CCA DCEP 1991).

Economy and Employment
“Dominica, by world standards is a poor country” (Evans 1986a). According to
the Government of Dominica’s Ministry of Finance, Dominica’s Gross Domestic Product
(GDP) in 1995 was only $221 million US dollars, (per capita GDP of US$2,977) with a
growth rate of 1.76% (GOD 1997a). In contrast, the US, Indonesia, and Papua New
Guinea’s per capita GDP in 1995 was $27,571, $755 and $729 US dollars respectfully
(USDC 1997). In 1994 Dominica spent US$117 million on imports, while only US$45
million was generated from the export of Dominican goods, leaving Dominica with a
foreign debt of US$90 million (GOD 1997a). The United States, Japan and Britain are its
most important trading partners, and bananas provide the bulk of foreign exchange
(USDSBPA 1994). This foreign debt helps to explain why the Government of Dominica
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was pursuing the exploitation of natural resources, including copper from the Deux
Branches area. Possibly, the Government, at the time of BHP’s strong interest in mining
copper, saw mining as a quick way to get out of debt.
Dominica’s employment and production are concentrated in the sectors of
agriculture, tourism and light manufacturing (CCA DCEP 1991). In the 1980’s the
manufacturing and service sectors grew steadily, with new small textile plants,
construction plants and other small manufacturing plants (soap, oil, lotions) opening in
the late 1980’s (CCA DCEP 1991). The steady growth of Dominica’s economy of the
late 1980’s seemed to carry through to the mid 1990’s, with low unemployment
percentages - approximately 3.5% (2,541 people) (GOD 1995). However, in 1997, even
with a high literacy percentage of 95%, unemployment was high - 15% (out of a work
force o f40,000) (GOD 1997).

Transportation
Dominica has approximately 750 km of roads, of which 266 km are main roads,
and the remainder are feeder roads, both surfaced and unpaved. Feeder roads serve to
access areas that are currently cultivated and are mostly unpaved, poorly maintained, and
narrow Roads are narrow and windy, with no shoulder in most places, due to the steep
terrain (See Photo 3.1). Three major roads meander and dissect the study area (See Map
1), and numerous feeder roads are scattered all along the study area. Steep banks border
roads where mountain slopes meet them.
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Photo 3.1: Photo showing a windy road near Atkinson. Main roads are in good
conditions but are extremely narrow and windy with steep embanks on either side

IF'
Photo 3.2: Photo showing a small debris slide from an escarpment along a road near
Atkinson, Dominica.
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Agriculture
Agriculture contributes about 30% of the total GDP, and is therefore essential to
the national economy (CCA DCEP 1991). Though the agricultural sector is perhaps the
largest sector on the island, there is no statistical data showing the level of imported food
to domestic agricultural output. “Agricultural crops are largely produced by a number of
small farmers, working on scattered parcels of land, and inter-cropping one crop with
another”. “It is not really possible to determine the profitability of producing different
crops, since there is little information available on the resources used in different
activities” (Evans 1986a). According to Evans (1986a), even though actual figures are
unavailable, farmers feel that, “although bananas provide a steady source of income, the
profits they provide are very small unless large areas of land (certainly in excess of two
hectares) are under production.” Agricultural crops (bananas in particular) require large
areas of land and large quantities of fertilizers. Bananas, coconuts, grapefruit and
dasheens are the major agricultural cash crops on the island (See Appendix 1). Production
of these and other agricultural products ballooned throughout the 1980s’ and into the
early 1990’s.
Table 3.2 summarizes land suitability for agricultural purposes in Dominica.
Approximately 56,000 ha or 71 percent of the island’s total land base of 79,000 ha is
unsuitable for agriculture, as a result primarily of erosion risks, water logging, or poor
soil quality (See Table 3.2). Soils are generally nutrient poor (Evans 1986a), and much of
the land that is suitable for agriculture in Dominica is already under cultivation. In 1994,
23,500 acres of land were estimated to be under cultivation (See Table 3.2). The only
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Table 3.2: Land Suitability Anaiysis
Area in Hectares
Land bv Potential
Very High Erosion Risk (Slope > 25%)
Moderate Erosion Risk (Slope 12.5%- 25%)
Waterlogged
Good Agricultural Land

Total
28,957
16,098
10,734
23,211

Percent
37
20
14
29

Total

79,000

100 -

Source: Dominica National Structure plan, 1985, p. 41

National
Park/Forest
Reserve
9,858
3,810
1,760
145
15,573

3

agriculture that takes place in the study area is along the flatter sections of land, but the
exact area used for agricultural purposes is unknown.

Timber
An inventory of Dominica’s major commercial forests, conducted by the Division
of Forestry and Wildlife with assistance from the Food and Agriculture Organization of
the United Nations (FAQ 1975), found over 52,000 ha of woodland and bush potential
for timber development. This amounts to almost all the land not under cultivation and
would include moderate and high erosion risk areas. Therefore, timber exploitation in
these areas could have serious impacts, such as increased stream sedimentation and a loss
of nutrient rich top soil. Previously, international logging companies have failed at
exploiting this rich timber resource, because of the high costs associated with timber
extraction and other operations on the island’s difficult terrain.’ It is unknown, whether
any timber exploration occurs within the study area at present.

Fisheries and Harbors
As occurs on many small Caribbean islands, the ocean and its resources are used
by all Dominicans. Dominica has approximately 30 small ‘fish landing areas’ scattered
around the island. These are located along coastal waters, where flat or moderately fiat
areas of land meet the ocean. (See Figure 3.3) Because of the roughness of the Atlantic
Ocean and the lack of sheltered or flat areas on the east side, the major seaports ( 11

7 In 1990, Dominica Timber Ltd. closed operations, and Northeastern Timber Cooperative Limited (NET)
has been in marginal operation. However, small-scale operations continue. For a more detailed description
o f the timber industry in Dominica refer to Section 2 (Pp. 37-42) of the DCEP (CCA DCEP 1991).
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Harbors/Seaports) are located on the west side (See Figure 3.1). Deep-sea currents,
sweeping in from the Atlantic Ocean, are forced to rise as they hit the ocean shelf,
bringing an upwelling of nutrients, which attracts schools of fish. Fishermen from all
around the eastern coast use this area because of the rich fishing resources. Fish resources
include shelves stocks, demersal (bottom species) and reef species, migratory stock,
pelagic fish, and fresh-water prawns.*
No major seaports are located in or near the study area (Figure 3.2). However,
several large towns (Atkinson and Castle Bruce) and several small towns have
established local fishing ports. Given that ocean currents flow north from Castle Bruce,
all fishing ports from St. Sauveur north are included in this assessment and in the
“potential affected boundary area” outlined on Figure 1.2 page 7. Compared to
agriculture, fishing in Dominica is not a major industry for several reasons. Gear and
catch methods limit local villagers abilities to catch large volumes of fish, which
probably prevents overfishing. In addition, there is a lack of an established fishery
infrastructure (no holding facilities, chill storage, or fish plants) and prices are controlled
by the government. This further hampers local villagers ability to make a ‘good’ living
on fishing alone and also helps prevent overfishing. The management of the resources of
these areas falls under the Fisheries Act (1987), which “authorizes overall Government
responsibility for utilization of marine resources, protection of endangered species, and
establishment of marine reserves” (GOD DNEAP 1994).

8 For a detailed species list o f fish, refer to DCEP, Sections 4 and 7 (CCA 1991).
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Figure 3.3: General Map showing fish landing ports around Dominica
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Energy
Dominica imports a large portion of its fuel for electricity, mainly as diesel fuel.
The island’s tropical ecosystems provide for the production of a large amount of
biomass.^ The combination of steep, rugged terrain and high rainfall produces sufficient
water flow from selected watersheds for Dominica to produce hydro-electricity. The
country already generates about 80-95% of its electricity needs by means of hydro
power, relying on diesel generation to meet peak demand and demand in the dry season
(CCA DCEP 1991). There are four such hydro-power electrical generating systems
located on the island. Figure 3.3 shows the existing transmission systems and powers
stations on Dominica. No Hydro-electrical installations are located within the study area
or on any of the major rivers which flow through it; however, the transmission system for
the local settlements runs along the eastern section of the area.

Legal Framework for Environmental Protection
The Dominican Government continues to move towards building a
comprehensive legislative/regulatory framework for environmental management in the
long term that will ensure adequate environmental protection, as well as economic
growth to sustain a livelihood for all Dominicans. However, “no single Government

9 The measured net production of biomass available for fuel in Dominica is the largest in all the Caribbean
(DCEP 1991).
10 For a detailed description of these stations and their output refer to the Dominica Environmental Profile,
Section 6 Pp. 111-128.
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agency in Dominica is charged with responsibility for the environment, although the
Division of Forestry and Wildlife has traditionally taken the lead for environmental
affairs in the country” (CCA DCEP 1991). In 1990, with the reshaping of the
Government, the ‘environment’ was considered to be part of the Minister of Agriculture
(CCA DCEP 1991).
Dominica’s environmental laws deal mainly with the management of natural
resources like: forestry, wildlife, fisheries, beaches, national parks/protected areas and
water uses. The laws do not emphasize protection of the environment as a set of self
sustaining ecosystems. For example the new Mines and Minerals law of 1996, which
governs hard rock mining on Dominica contains only a brief section on environmental
protection (1-2 pages). The use of the words ‘may be included’ in the environmental
section of this act makes environmental protection unenforceable. For example, in Part
VII, subsection 93(1) (page 83), it states that “there may be included in a [mining]
license to mineral right conditions with respect to the (a) prevention, limitation or
treatment of pollution. Reading further, subsection 94(1) states that “there may be
included in a prospecting or mining license conditions relating to” such issues as mine
reclamation (e.g. revegetation of soils, contouring of land, etc.). Another gap in this law
resides in subsection 92 (3) which states “the minister may,. . . require environmental
impact studies to be carried out”. Both Brian Alleyne of the ACF and Henry Shillingford
of the DCA dissect the vagueness in Dominica’s Laws, specifically the MMA of 1996, in
relationship to the legal matters of BHP’s proposed mine development. ' '

11. The Ok Tedi project was exempt from the Environmental Protection Act of 1978 because the 1982 Ok
Tedi Environmental Study (OTES) was considered more environmentally appropriate. (Hyndman:91,
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More examples of the lack of specific environmental protection in Dominica’s
laws lie in two other acts; the Environmental Health Services Act of 1997 (GOD EHSA)
and the Water and Sewage Act of 1989 (GOD WSA). The EHSA states that its purpose is
“to make provision for the conservation and maintenance of the environment in the
interest of health generally and in relation to places frequented by the public”. The EHSA
lists and defines key issues such as “contaminant or pollutant”, “discharges and
emissions”, “liquid and solid waste” and “water”. Part VI titled “Regulations” states that
the Minister “may” make regulations for the protection of the health of humans and the
protection of the environment, namely the water. However, no such regulations or
standards have been adopted to protect human health or the environment.
The Water and Sewage Act (WSA, lasted revised 1995) grants “an exclusive
license to the Dominican Water and Sewage Company [DOWASCO] limited for the
development and control of water supply and sewage facilities in Dominica.. . ” (GOD
WSA 1989). Like the EHSA, this act has a lengthy definition section of key words such
as, “aquifer”, “environment”, “owner”, “potable water”, “sewage’ and “water ”.
However, there are no drinking water or water quality standards adopted which can be
enforced at this time.
The EHSA and the WSA are aimed at protecting human health from water bom
diseases only Furthermore, the Minister responsible for health is responsible for
promoting and protecting the public health and ensuring the conservation and

1994b; Mowbray 1988) The OTES was a study developed by OTML to study the environmental effects of
the mine. However, with a financial burden felt by the PNG government, not much money was set aside for
this study Consequently, a comprehensive environmental analysis was not done by non-government
(OTML) researchers. (Hyndman 1994b; Mowbray 1988)
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maintenance of the environment. Specifically, it is the responsibility of the Minister of
Health to make regulations and set standards for the “prevention, treatment, mitigation
and suppression of disease” in drinking water (EHSA 1991 Part VI subsection 30 ( 1)).
In addition, it is the Minister is responsibility “to regulate, monitor and control the actual
and likely contamination or pollution of the environment from any source” and to ensure
compliance of any regulations or standards set (EHSA 1991 Part I subsection 3 (2)).
The lack of enforceable standards and other regulations backing up these ales
leaves major gaps in environmental protection. For standards and regulations to be
effective, the people of Dominica need to recognize them as jus, necessary, and deserving
of enforcement. Appendix 1 contains a list of the major Dominican laws which contain
‘some’ environmental provision.

12 Part IV subsection 18 (2) of the WSA also states the it is the responsibility of the Minister of Health to
make regulations and set standards for the protection of drinking water
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CHAPTER 4 : BIOPHYSICAL IMPACTS OF MIMIhG
Introduction
This chapter describes the potential environmental impacts of the construction and
operation of a hypothetical open-pit copper mine in the Deux Branches area, the area
referred to previously as the study area. Part I presents a hypothetical open-pit mine
development scenario in the Deux Branches area. Part II looks at the potential
environment impacts of such a development. In order to focus analysis, it was necessary
to make some assumptions about the specifics of such a development. These assumptions
do not cover all possible development scenarios or outcomes that could materialize in the
Deux Branches area. These assumptions include the following:

•

Mining technology used at the mine would not change substantially over the life of
the mine. Mining operations would continue to use what was considered ‘state of the
art’ technology at the time of permitting.

•

Market shortages/surplus may change over the course of the mine life and may affect
rate of production, but would not drastically change the area ultimately developed.
Analysis of economic forces driving the rate of development and production are
beyond the scope of this EIA, hence I will not predict the rate of production.

Mine production will last as long as copper is economically feasible to mine.
Typically, modern day mines last between 15-20 years, from exploration, to
construction and development, operation and closure. The life of the mine may be
extended, if new deposits are found, and/or technology changes to allow for the
recovery of lower grade deposits.
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•

Once mine construction starts, many resources (soil, vegetation, water, and minerals)
are irreversibly committed to extraction. Some changes in the landscape can not be
reversed and some renewable resources will be lost.

•

Only those potential impacts considered significant will be discussed. The occurrence
of the identified impacts is not certain, and some potential impacts may have been
incorrectly omitted. Impacts mentioned here are highlighted because they have a
higher probability of occurring, than those not discussed.

A Hypothetical Development Scenario
%

According to Williams’ soil sampling, mapping, and mineral resource reports in
the late 1960’s, only one area in the exploration site showed high concentrations of
copper. As stated in Chapter 2, Crest Laboratories Ltd. of Canada analyzed two drill
holes (depth unknown) from this area for copper and other metals. “The highest core
assay from Hole #1 was 0.08% copper and 0.04% copper in Hole #2“ (GOD 1977). This
report stated that only trace amounts of gold, zinc, silver and molybdenum were found. A
split sample of the cores was sent to the Guyana Geological Survey for analysis, which
revealed copper to be as high as 0.5 % (GOD 1977). Stream sediment samples collected
by Williams in the same area indicate a copper value as high as 2400 ppm. Mining would
most likely take place in the Deux Branches area.

Likely Type of Mine Operation- Open Pit
Though other options for ore removal exist (e.g., underground and in-situ
mining), open-pit mining would be the likely choice of extraction in Dominica because of
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the low concentration of copper in the area and because this method is the most cost
effective means of mineral extraction today A good illustration of an open-pit copper
mine in a tropical environment is the Panguna copper mine in Bougainville (Photo 4.1).
Environmental impacts occur in all phases of mining, beginning with exploration,
and continuing through development, all the way to mine closure. These phases include
in order of occurrence: prospecting, exploration, development, production, benefication
(ore concentration), and reclamation. Each phase entails the use of many resources,
including land, water, and energy. All phases impact either directly or indirectly the air,
water, land, wildlife and people living near the development. We will begin by looking at
the area directly affected by excavation and waste disposal.
Construction of the open-pit and production and waste facilities will alter the
existing topography of the study site. Open-pit mining involves excavating the
economically valuable deposit after first removing large amounts of overburden (waste
rock not considered to be economically valuable). Not all open-pit mines generate deep
pits: sometimes mountain sides are removed to get to the mineral.
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Page 74 omitted in numbering.

Area Disturbed by Pit Excavation
The map developed by Williams for the Land and Survey Division of Dominica
can be used to assess the likely area disturbed by an open-pit mine. According to
William’s map, the copper anomaly exists in the Deux Branches area is about 1 % mile
long by

1/4 mile

wide (200 acres or about 80 hectares). Therefore, the open-pit could be at

least 1 % mile long by % mile wide. Let us relate this to a modem day mine like Ok Tedi
in the rainforest of Papua New Guinea. When mining began in 1984, excavation started
on Mount Fubilan at an altitude of nearly 2,100 meters (Jackson 1984). When mining
stops in 30 years time, the base of the open-pit will be 650 meters (or 2000 feet) lower
than the rim of the mountain or 1450 meters above sea level. The area of the Ok Tedi pit
surface will be about 250 hectares (Jackson 1984). This is about 3 times the size of the
Dominica copper anomaly, but the pit opening is usually much larger than the ore body,
because the pit walls slant down to the orebody. So depending on the depth of the
orebody, the pit could be as larger than the copper deposit.
To estimate how much material will be excavated from the pit and disposed of on
the land, one needs to know the concentration of copper throughout the anomaly. This
will allow you to determine the size and location of economically recoverable ore. The
ratio of over burden or waste rock to ore can vary a great deal from site to site and for
different mineral concentrations. Generally, in open-pit mining, the waste rock to ore
ratio is 40:1. In other words, forty tons of waste rock is generated for every ton of ore
excavated (Erickson 1990). Then the ore is processed to remove an ore concentrate (rich
in valuable minerals) and the poorer grade material is discarded as tailings (ground up).
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This discarded material (waste rock and tailings) is usually over 90% of the total
excavated material and can be as high as 99%.
Since test results of the copper anomaly suggest copper concentrations of 0.1 % to
0.5%, about 99% of the material excavated will be waste. Jackson (1984 ), estimates that
once mining stops (estimated 30 years) at the Ok Tedi mine in Papua New Guinea
(PNG), 1,100 million tons of rock will have been excavated. Of this amount, 659 million
tons of rock will be considered waste rock. The remaining 400 million tones will be
crushed, treated and the copper extracted from tailings. According to Jackson ( 1984),
after most of the copper has been collected, roughly 96% of all the material excavated
throughout the life of the mine will be waste material - either waste rock or tailings.

Estimating Depth of the Valuable Ore Body
According to Titley (1982) and Hughes (1990), who studied and documented
thousands of copper deposits around the world, almost all copper deposits which lie in
sulfur bearing rocks form three distinct mineralized layers. From the surface down, these
are 1) the leached zone, 2) the enrichment zone (also called the supergene enrichment
layer and/or blanket layer) and 3) the unweathered layer or protore layer (See Figure 4.1 ).
The formation of these three layers is dependent on many factors such as climate, pyrite
content, fracture permeability, original copper content, host rock makeup and surface

76

'• ' ' x

P

i\'\\U \:\\\\\'V \W
LEACHED
O xidation

ENRICHMENT

Reduction

UNtBEATHEPED ZONE

Figure 4.1: Cross section o f an ore body typical o f copper deposits around the world.
Downward moving water transports copper minerals and other metals from the leached
zone through fractures in the rock structure. Once the metal laden water reaches a point
where no oxygen is present (reduced zone), the metals which are in solution will
precipitate as metal sultldes. This zone is called the "enrichm ent zone” and is the location
of the highest concentration o f copper. Consequently, this is the depth at which the
mining company will excavate to reach the "profitable” copper.

erosion. In addition, geologic events such as faulting and volcanic events combine with
climate to act as controls or modifiers of the weathering process. Basically, metals are
leached out of the oxidized leached zone, migrate down to a reduced zone, where they
precipitate as sulfides, forming the enrichment zone. Below that is the unweathered zone.
Mining companies must dig down to the enrichment zone to reach the “valuable” copper
concentrations. The copper anomaly in the Deux Branches area is no exception, leaching
and redeposition of sulfide minerals, specifically copper, have probably formed three
distinct mineralized zones in the anomalous area similar to those shown in Figure 4.1. For
a more complete discussion of the formation of these layers see Appendix 3.

Enrichment Layer at the Deux Branches Copper Deposit
Computer models used by researchers to predict the depth and thickness of the
enrichment zone require information on erosion rates, infiltration rates, redox effects at
the water table and below it, climate conditions, time of initial formation, wall-rock
characteristics, rock structure, rock permeability, flow regimes and historical natural
events such as volcanic eruptions. However, most of these factors are not known for the
study site at this time. What is known is the rainfall and relative age of the area (roughly
26 million years old). These are similar to the rainfall and age at the Ok Tedi mine.
Therefore, we can use the leaching rate from the Ok Tedi mine and age of the site to
estimate the depth of leaching. This is a crude estimate of the depth at which the
enrichment zone begins. Ague and Brimhall (1989) estimate that the leaching rate at the
Ok Tédi mine is 0.6 m/yr. Multiplying this rate by the age of Dominica (26 million
years), we get a rough estimate of the depth of the enrichment zone - roughly 156 m (468
78

feet). Because the islands of Papau New Guinea and Dominica formed at about the same
time (roughly 26 million years ago), this estimate of enrichment zone depth is similar to
the depths of the enrichment zones at the Ok Tedi Mine in Papua New Guinea (70 -290
m) and the Bougainville mine (820 m). However, factors like permeability may differ
enough between these sites to alter the actual depth of the enrichment layer in Dominica.

Area Covered by Waste Rock
If this estimate of the enrichment zone depth is reasonably accurate, then the
mining company will have to mine to a depth of 156m to reach the economically
“valuable” copper deposit (See Figure 4.2). Depending on the world market rate for
copper, the low concentration of copper in the leached zone of 0.1% -0.5% (William’s
samples and pits were taken from less than 13 feet below the ground surface) may not be
recovered by the mine company and will be disposed of as overburden or waste rock. If
the ore body is about the same size as the copper anomaly, 1 % mile long by % mile wide,
and the enrichment zone is 156 m (486 feet) deep, then over 4 billion cubic feet of rock
must be excavated before the mining company reaches the copper rich enrichment zone.
However, this does not include the material that would be excavated due to the sloping of
pit walls - thus one can assume a greater amount of material would be excavated
depending on the angle of the pit walls. Once the overburden material has been removed,
it will likely be disposed of in large waste rock piles which could cover an area of
100,000 meters by 50 meters with waste rock about 33 meters deep. That is, the waste

79

•V

LEACHED ZONE
C s/çrburdiïn is Rem cn^d

4^

^ajnufticr

Y Oissoived

Grounduwt^r

ENRICHMENT ZONE
High C opper Conc*ritr-ation

Oissolo%d in«tais

PIT L.».KE
UNlilEAIHEREO ZONE

F igure 4.2; Cross section o f a hypothetical open-pit. M ining companies will excavate
(remove) most o f the leached zone, called overburden, to reach the “enrichment zone”
Copper is bound-up as copper-sultlde minerals in high concentrations in the “enrichment
zone” As rain comes in contact with the exposed pit walls, sulfide minerals in the rock
mix with the water and form sulfuric acid, which then leaches (dissolves) heavy metals
from the pit walls. This mixture o f water, sulfuric acid and heavy metals then migrates
down towards the bottom o f the pit to form the “pit lake” The higher the sulfide content
o f the pit walls, the higher the concentration o f acid and metals in the pit lake.
Consequently, a low pH pit lake will form with acid water containing high concentrations
of metals (though rainfall and other factors may buffer the water, keeping the pH from
being very low).

so

rock would cover an area or the size of 1000 North American football fields 33 (or 100ft)
meters deep with waste rock. If the Pagua River is 12 miles long and its valley is one
mile wide (rough estimate including floodplain area), then entire 12 sq. miles of valley
floor could be covered 12 ft deep in contaminated waste rock.

Effects of Open-Pit Lake
In addition to the permanent scar on the landscape created by the pit and waste
rock dumps, the pit will have many effects that reach ofFsite. Pits are very deep, often
going below the groundwater table. If the pit extends below the ground watertable,
groundwater will enter the bottom of the pit (See Photo 4.2). To remove the water,
mining companies often use large generators and hoses to pump the water out before it
forms acid or weakens surrounding rock walls. For example, the Betze Pit, in Nevada
(USA), is being dewatered at the rate of more than 40,000 gallons per minute (Miller et al
1996). However, after mining ceases, the groundwater is allowed to fill the pit to the
height or elevation of groundwater table, forming a pit lake. The long-term water quality
of such a pit lake is one of the most crucial questions in a permit decision. “Because of
the immensity of pits, any remediation of water quality will be very expensive and may
not be realistic” (Miller et al 1996). In fact, no technology has been found to reclaim the
water quality of acidic pit lakes.
Miller, et al. (1996), state “Understanding how pit lakes evolve is difficult
because the hydrologie and chemical inputs are qualitatively different from those of
natural lakes.” The water quality of some pit lakes can be good, for example the Kimbly
Pit in Nevada (USA) has a pH of 7.6 (Miller et al 1996). However, pit lakes in high
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Photo 4.2: Deep open pits have the potential to tap into water aquifers. If this happens
the ground water and surface water enter the pit and must be pum ped out. This photo
shows water entering and filling the bottom o f the Liberty Pit Nevada, USA. Large hoses
and heavy generators are pumping the water out.

82

I

Photo 4.3; Once mining stops, open pits are usually left to fill with water The Berkeley
Pit, Butte MT, USA has lake w ater with a pH o f approxim ately 2.8.

Photo 4.4: Aerial view showing waste rock being dumped on the side o f Molycorp
molybdenum mine. New M exico, USA. Photo contributed by the M ineral Policy Center.
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sulfide rock tend to have poor quality water. For example, in 1987, the Berkeley pit lake
in Butte, MT (USA) (See Photo 4.3), had a pH ranging from 2.7 at the surface to 3.2 at
lower depths with concentrations of copper and zinc reported to be at 156 mg/1 and 280
mg/1 in 1987 (Miller et al. 1996). These levels are toxic to aquatic life and well above the
US drinking water standard and WHO guidelines. Finally, pit lakes can be fatal to
wildlife. Wildlife may fall into the pit and not be able to get out. Birds may see the pit
lake water as a refuge. In 1995,150 migrating snow geese died when they landed in the
Berkeley Pit, Butte, MT, US (Missoulian 1995).
According to Williams (Per Comm 1997), the study area’s ore body is in highly
weathered rock and has leached most of its sulfide minerals. If true, then the quality of
the water in the pit lake may be good enough to sustain aquatic life. Such a pit lake could
be a benefit to local communities and wildlife, although the steep and possibly unstable
sides of the pit lake could make it a hazard. Mr. Williams’ assumptions that acid
generating sulfides have been leached away may be true for the surface soils which he
sampled. But this assumption may not be true for rock strata buried deep in the ground.
Mr. Williams collected samples from pits dug only thirteen feet deep. The material he
showed me was from roadside outcrops adjacent to the copper anomaly, or surface
samples from various soil pits. However, the mining company will have to dig the pit
down through the “enrichment zone ”(Recall Figure 4.2) where sulfides have not leached
away. The mining company will not excavate 100% of the enrichment zone, thus leaving
a portion of the sulfide-bearing zone exposed to the rain. Therefore, as the oxygen-rich
rainwater hits the exposed sulfide-bearing rock, acid will be formed, dissolving metals,
and the bottom of the pit will likely fill will low pH water.
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Mine Waste Disposal
Modem mining operations produce enormous quantities of waste material (See
Photo 4.4). This material is often composed of the following; 1) waste rock (rock which
does not contain profitable quantities of valuable minerals), 2) tailings waste, (finely
crushed rock which has been chemically treated to extract valuable minerals), and 3)
processing water which has large quantities of process chemicals such as cyanide and/or
sulfuric acid and heavy metals. If released into the environment, these materials can have
serious long-lasting effects on surface water, ground water, soils, vegetation, and human
and wildlife health as has occurred at the Butte mine (Moore and Luoma 1990).
Therefore, the handling, treatment and disposal of this waste, is a critical aspect of any
mining development. If designed and operated properly, mine waste storage facilities can
reduce the risk of serious environmental contamination. Still natural disasters can have
devastating impacts on these designs.
Though the waste rock material is too low in mineral content to be of economic
value, it can pose a serious environmental threat. Waste rock can contain dangerous
levels of heavy metals (e.g. copper, arsenic, zinc, lead and other metals) and sulfide
minerals. When exposed to air and water, sulfide minerals form sulfuric acid and leach
out heavy metals from the surrounding rock. If the acidic liquid draining from the waste
rock is not properly collected and treated, it may enter nearby streams, poisoning the
aquatic environment and the communities lying along the Pagua River.

13 The environmental effects o f acid rock drainage from mining operations is well documented. The reader
is referred to Appendix 4 for a detailed literature list o f scientific reports which document the process and
impacts o f acid rock drainage (See Alphers et al 1994; Jambor and Blowes 1994).
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Another type of waste produced by mining is tailings, produced by the process of
beneflciation (milling of the ore). There are four main ways in which beneficiation
occurs. Three do not use a chemical leaching process; these are flotation circuit, gravity,
and magnetic separation. The fourth (heap/dump leaching) uses chemicals to extract
minerals and is used in copper mining as a secondary method of ore extraction, following
beneficiation methods like flotation circuit. Leaching of copper from tailings is
considered the most cost effective method of ore concentration today for copper
anomalies of such low grade. Therefore, this method is the likely method of ore
concentration for mining in the Deux Branches area.
Beneficiation separates valuable mineral grains (e.g. copper, gold, zinc) from the
‘host rock” (Erickson 1990). Ore is crushed into fine particles and mixed with process
water to form a ‘slurry’ (finely ground rock). The slurry is then pumped to a tailings
impoundment behind a dam, where chemical agents are sprayed onto the tailings to
dissolve the metal from the ore, forming a concentrated solution of the metal (See Photo
4.5). Copper mines use a process called dump leaching in which sulfuric acid is sprayed
on the “dumped” tailings. The leaching process can take years to complete, and tailings
impoundment areas generally cover hundreds of acres and contain millions of metric tons
of low grade ore (Erickson 1990).
14. It should be noted that a mining company may determine that the most cost effective approach to ore
concentration is to ship the non-processed ore off the island to the nearest ore concentrating facility.
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Photo 4.5: Aerial view showing a tailings impoundment (white) at the Montana Tunnels
gold mine south of Helena, MT USA. The blue pond at the center is the collection pond
for seepage from the impoundment. The blue water is the seepage and the black is a
synthetic liner under the water to stop seepage from leaving the pond.
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Disposal Methods
Methods of waste disposal vary from mine to mine. For mining operations in arid,
relatively flat terrain, like the US desert, the waste rock and the tailings are usually
disposed of in large flat areas relatively close to the mine site. However, in areas like
Dominica, where the topography is steep, rugged and wet, the problem of disposal is
much more complex. Development of disposal sites in this setting would be costly. For
example, BHP, OTML and its subsidiaries determined that a tailings disposal dam was
too costly and too difficult to develop in the rugged terrain of Papua New Guinea (PNG).
Consequently, they chose to dump the waste rock and tailings directly into the Ok Tedi
River, a tributaiy of the Fly River, an option which is now illegal in the US because it is
so destructive (Pemetta 1988, Mowbray 1988a).M ine developers assumed that the
rivers in the area had adequate flows to handle such a massive influx of waste, but this
was not the case. According to Corporate Crime Reporters (Unknown 1997), the entire
700 miles of the Ok Tedi River are “biologically dead.” Jackson, (1984), states that in
the Philippines, where nearly all the copper has been mined, fourteen major rivers are
badly polluted from direct discharge of tailings and waste from copper mines. Jackson
continues that 27-kilometres of the Boac River have been declared by the government to
be officially dead. Kirsch (1996) states that the American firm, Freeport-McMoRan,
which owns the Grasburg copper mine in Irian Jaya, Indonesia, releases millions of tons
of untreated waste material into the rivers daily. Like all of Dominica’s rivers, the Pagua
River is relatively small with low flow rates when compared to these above rivers.

15. Today, 80,00 tons of tailings are dumped directly into the Fly River system each day (Kirsch 1996).
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Clearly, the Pagua River could not handle large volumes of waste rock and tailings
deposited directly into it, since the larger Ok Tedi River could not.

Impoundment Failures, Accidents, Spills
If the mining company is required to put wastes in an impoundment rather than
dumping into a river, the waste still has a potential to reach the river. The following
section discusses the likely impacts of a failure of a tailings impoundment in the Deux
Branches area. An impoundment foundation could fail in four ways (Each discussed
below). These failures are not unique to a particular design, all impoundments are of
similar mechanical design (though some are more unstable than others).

Foundation sliding/Earthen Dam Failure: Slippage or failure of a dam usually occurs
beneath the dam structure itself (MDEQ 1995). An impoundment dam in the Deux
Branches area would likely be built with existing earthen material (overburden, soil).
Using such weak, weathered rock can pose a great risk. The heavy rainfall of the area
could erode the earthen dam. The mines in the wet climate of Ok Tedi, Bougainville, and
Omai all had dam failures associated with heavy rain events (Pemetta 1988; Mowbray
1988b; Mirinka 1994; Jackson 1984; Grover 1996). In addition, a failure could occur if
tailing water seeps into the earthen dam, eroding and weakening the dam from within.
This happened in the Omai Mine, Guyana. On August 19,1995, an earthen dam
containing mining waste failed, releasing contaminated water and tailings into the
Essequibo River, Guyana (Grover 1996).
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Overflowing: Tailings dams should be designed to reduce the possibility of water
overflowing and releasing contaminated water and tailings into the environment. That is,
they should be designed to contain runoff of major storms, and the site should be
designed to route clean runoff water around the impoundment. Tailing impoundments
must rely on evaporation or leaking to remove water. With Dominica’s wet climate,
evaporation rates would be very low. The threat of overtopping is typically associated
with extreme rainfall and runoff events, hence Dominica’s high annual rainfall poses a
risk.

Natural hazards: Collapse/failure of impoundment dams can be caused by major natural
hazards such as earthquakes, volcanoes, debris slides, floods, tropical storms or
hurricanes. Impacts of hurricanes and/or tropical storms on mining sites are not known. It
seems likely that the intense rainfall of hurricanes could cause catastrophic failures of
waste rock dumps and tailings impoundment. High winds could interfere with power
sources and transmission, making it hard to carry out emergency procedures to prevent a
failure. The intense rain and high wind of hurricanes can cause considerable devastation
on the island. Caribbean storms have been the known to denude mountain slopes,
increase erosion, cause numerous landslides, dismantle buildings and communication
links, destroy roads, schools and health services, and pose serious threats to human life.
For example, Larsen and Parks (1997) reported that over 400 landslides were triggered by
Hurricane Hugo in 1989 in the Luguillo Mountains of Puerto Rico. In the summer of
1997 the Layou River flooded nearby farm lands and settlements and began to reroute its
path into the Caribbean Sea (Tropical Star 1997; The Independent 1997). Though this
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was on the East Coast of the island, the Pagua River could flood in the Deux Branches
area, creating a serious problem for waste impoundments in the flood plain.
With the clearing of vegetation for the pit, mine facilities and road building,
landslides would likely increase in the study area, causing contaminated water and
sediment to enter nearby waterways. For example, on January 7, 1984, a massive
landslide ripped through the partially constructed tailings dam at the Ok Tedi mine in
Papua New Guinea (Pemetta 1988; Townsend 1988; MacGregor 1984 ). Consequently,
the partially built tailings dam was never repaired and to date no new dam was built. The
mining company and the OTML negotiated an “Interim Tailing Disposal Plan”, one that
simply dumped tailings into nearby rivers. Little is known of the impacts earthquakes
have on mine sites, but the impacts of an earthquake on a tailings pond or pit could be
catastrophic. In April 1998, an earthquake was reported to be the likely cause of a
massive tailings dam failure at the Swiss-run Aznalcollar iron pyrite mine, outside
Seville, Spain. According to the company spokesman, tremors caused a tailings pond to
burst, “sending millions of gallons of toxic liquid into the Guadiamar River” (Missoulian
1998). The spill flooded acres of agricultural land and threatens one of Europe’s most
prominent nature preserves. With Dominica’s numerous natural hazards, similar events in
Dominica seem highly possible.

Seepage/Leaching of Tailings Water: Not all tailing ponds failures are obvious. A more
subtle kind of failure involves toxic water leaching down under the pond into the
groundwater. If this happens, heavy metals will be transported with the groundwater and
eventually rise to the surface in natural springs and rivers, contaminating these areas.
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Some mines have some form of synthetic liner and collection system underneath the
tailings to prevent such leaching. However, this is not a fool-proof design eventually leak
(See Grover 1996). For example, in December 1992, the State of Colorado, U.S. detected
that a gold mine in Summitville, Colorado, leaked acid mine drainage from its lined
tailings impoundment. Consequently, seventeen miles of the Alamosa River was
contaminated with heavy metals (Lyon 1994). If enough leachate from an impoundment
were to enter the Pagua River, aquatic life, agricultural land and villages would be
impacted, possibly severely, for miles downstream.

Summary
Mines generate mountains of waste, and careless disposal has devastated
thousands of miles of rivers all over the world. These occur even at modem mines in US
(developed within the last 20 years), where state of the art technology and engineering
are required and applied. Even at modem day mines, the record of accomplishment for
waste contaiiunent is not good. The Mineral Policy Center sites numerous (64) examples
of mine and mineral processing sites which have experienced seeps, leaks, stmctural
failures, seasonal overflows and assorted other problems associated with waste disposal
(see Appendix 3).

Energy Needs for a Large Scale Mining Operation
Throughout development mining uses large amounts of energy to mn the many
facilities involved. In Dominica, several energy options are possible: 1) tapping into
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existing transmission facilities, 2) building a hydro-dam and 3) using on site diesel
generators. Since Dominica has an established utility industry, the mining company may
request that new transmission lines and substations be built in the exploration area. If
transmission lines are developed to provide power, these lines may pass through private
farm lands and require clearing land, including prime wildlife habitat.
Another option is to build a hydroelectric facility by damming the Pagua River.
Such a facility would likely adversely affect water quality and quantity for all the
communities downstream. Damming would interfere with fish migration and affect
aquatic habitat in the Pagua River basin, potentially decreasing the diversity and
abundance of fish and invertebrates and food resources for downstream communities that
rely on aquatic species as a form of protein for their diet. However, the likelihood of such
a dam seems minimal, given the small size of the Pagua River, and the enormous costs
associated with a dam. In 1984, Ok Tedi Mining Limited (OTML), BHP, and subsidiaries
determined that such a facility would cost up to 30 million dollars to build in PNG on a
much larger river (Jackson 1984).
If onsite diesel generators are used, large quantities of fuel must be hauled and
stored at the mine site. This poses the threat of spills and leaks at the site and during
transportation on roads and through towns. In addition, such large diesel generators
would create noise and air pollution.

Potential Air Quality Impacts
Air emissions associated with large-scale mining would most likely originate
from these sources: the mill site, tailing impoundments and a smelter operation. Although
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most large scale copper mining operations use “smelting” to concentrate the copper ore,
this process need not be located near the mine. Typically, smelter operations involve
large construction and operating costs. They are generally associated with more than one
mining operation in close proximity. Since no other mining operation exists on the island,
it is likely that the smelting process would not be located on Dominica. Possibly, the ore
would be barged to the nearest smelter (i.e. transported out of the country) from a seaport
near the proposed project area. The mill process often involves concentrating the ore so
an ore concentrate is shipped out rather than the raw ore.
However, if the mining company determines that building a smelter is more cost
effective than shipping the ore concentrate overseas, smelting operations would greatly
degrade the air quality throughout the island (strong winds blow from the east to the
west). Large-scale copper smelting existed from the turn of the century to the early
1980’s in Butte, Montana. During operation, these smelters processed billions of metric
tons (MT) of ore, releasing into the air enormous amounts of particulate matter (ash and
soot) contaminated with heavy metals. Consequently, over 300 km^ of soil has been
contaminated by the deposition of this air pollution, decimating plant cover (Moore and
Luoma 1990; Moore et al 1988). There were few environmental protection laws in place
during most of the time the Butte mines and smelters operated, but that is not very
different from the current situation in Dominica.
If a mining company were to develop a mine without a smelter operation, air
pollution would mainly come from the activities listed in Table 4.1. Due to the high
rainfall and humidity of Dominica, air pollution (i.e. dust from waste piles, mill,
excavation etc.) would probably be confined to the immediate area of the mine. Thus, the
94

amount of air pollution that would be generated throughout the life of the mine may be
somewhat less than is seen at more arid mine sites in the US.

TABLE 4.1
Air Emission Sources and Pollutant Type
Source/Activitv

Pollutant

Blasting
Heavy Equipment Op^ation

TSP, NOx, SO^ CO
TSP, NOx, SO^ CO, HC

Crushing

TSP

Convey, Storage and Transfer of material

TSP

Tailings dam and waste rock piles

TSP

Road Dust

TSP

Source: Montana Department of Environmental quality aild U.S. Forest Service. “Draft Environmental Impact
Statement, Asarco Rock Creek Project”
Note: Total Suspended particulate (TSF); Nitrogen Oxides (Nox); Sulfur Dioxide (S02); Carbon monoxide (CO);
Hydrocarbons (HC)

Potential Impacts on Water Quality
“Water pollution is by far the most significant and long-term environmental
impact caused by mining” (West et al 1995). Both surface and ground water quality
impacts at the mine site and downstream (offsite) can occur when rainwater is exposed to
toxic mine materials. Water picks up toxic pollutants (heavy metals and/or process
chemicals) from several sources: waste rock piles, tailing ponds, pit lake, land surfaces at
the mine site and roads. Water transports the pollutants off the mine site to nearby
streams or percolates through the ground and mixes with the underlying groundwater
(See Figure 4.3).
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F igure 4.3; Hypothetical view o f the many potential sources o f contam inants from open
pit mining in the Deux Branches area.

1.

Rain falls on exposed waste rock piles, tailings impoundment and pit walls, conveiting
sulfides to sulfuric acid which leaches heavy metals from the rock to fonu acid rock drainage
(acid water carrying toxic heavy metals).

2.

Rainwater then flushes the ARD liquid and sediment from the siuface o f the surrounding land
(roads, waste rock piles, mine facilities) into the nearby Pagua River where it is earned
downstream to the Pagua Bay.

j.

Dissolved metals and sulfates from the exposed waste rock piles, tailings impoundment and
pit lake leach down into the ground and contaminate the underlying aquifer.

4.

Contaminated groundwater will travel underground until it mixes with the Pagua River or
Pagua Bay, further contaminating these areas.

5.

In the tailings impoundment fails, contaminated sediment and water will wash into the nearby
Pagua River and eventually flow into the Pagua Bay.

6.

Contaminated river water flows into nearby villages possibly severely impainng the use o f
Pagua River and Bay for personal use such as, batliing, washing clothes, diinking, fishing and
recreation.
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Another problem created by mining is soil erosion and sediment transport by
rainwater. Mining actions that contribute to soil erosion and sedimentation include; 1)
removal of large areas of vegetative cover for development, 2) building of roads and
facilities, and 3) operation of heavy equipment. Erosion and sediment pollution occurs
when rainwater falls on the mine site. As this water flows through the site, it picks up fine
soil particles, which may contain high levels of heavy metals. Eventually, this water
reaches with a nearby stream where it is carried away and deposited offsite. Soil erosion
results in reduced soil productivity, increased erodibility of sub-soils, visual deterioration,
reduction of biological activity, and change in physical properties of exposed soils and
subsoil (MDEQ 1995). In addition, increased sedimentation in streams may result in
secondary impacts such as, 1) flooding and deposition on agricultural land downstream
from the site, 2) buildup of sediment in streambeds, smothering vegetation and depleting
prime fish habitat, 3) deposition of sediment in coastal areas, depleting natural resources
such as coral reefs and fish populations.
Finally, the use of chemical agents to extract and process metals from the ore, can
be another source of water pollution. Most of the water used in mining operations comes
from underground sources or from nearby streams and rivers. This water is called
“process water”. Chemical agents are mixed in the slurry of water and tailings which
react with the “valuable” minerals in the slurry mixture. The “valuable” minerals then
dissolve out forming a soluble preganated solution. The valuable minerals in the solution
are then separated from the remaining material. The waste slurry generated from
processing is then discarded in a tailings pond. Rainwater can transport these chemical
agents from leaking ponds (or overflowing ponds) and carry them off the mining site into
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nearby streams or aquifers. “It is not unusual for heavy rainstorms to overflow and
overwhelm these containment structures, allowing the chemicals to be spilled into nearby
streams and aquifers” (West et al 1995). For example, on 28 October 1990, heavy rains
caused a containment pond at the Brewer Gold mine in South Carolina, US, to break
spilling ten million gallons of sodium cyanide into a nearby stream. “The contamination
migrated downstream 40-50 miles from the mine” (West et al 1995).
The environmental effects of heavy metals, chemicals, and increased
sedimentation to streams, aquatic life and human health are well documented.’^ Scientific
research on the chemistry of heavy metals and chemicals in streams is also well
documented.’^ The fate and effects of pollutants depends upon stream characteristics,
such as its pH, temperature, hardness and stream flow rates.’* Basically, once heavy
metals enter waterways (e.g. Pagua River) they will follow one of three paths: 1) dissolve
into solution and be transported by the water, 2) attach to sediment particles and be
deposited in calm water, 3) or be taken up by aquatic life (e.g. plants and fish). If
pollutants are transported with the water, these metals will be carried downstream and
deposited along rivejfranks, in flood plains, or in the Pagua Bay.

The Need for Standards to Protect Water Resources
In industrialized countries, standards are set and enfi)rced to protect people,
wildlife and aquatic life from adverse impacts to waters. However, there are no
regulatory programs or standards to control the environmental damage to the waters of
16. See Appendix 4, especially Ledin and Pedersœ 1996 and Benner et al 1995.
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Dominica from large-scale development operations. Therefore, to protect public health
and water resources, the government of Dominica must develop and enforce water
quality standards to protect uses of water and mining design and operations standards to
prevent degradation of water by the enormous amounts of hazardous waste water
generated by large-scale mining.
Many factors should be taken into consideration when setting water quality
standards, such as water use(s) and aesthetics, source and kind of pollutant, and treatment
cost. Drinking water standards are set at levels intended to protect human health (though
treatment costs are also considered). Laboratory studies on the effects of metals on
aquatic life have found aquatic life to be much more sensitive to metals than are humans,
hence water quality standards which protect aquatic life from metals are set much lower
than are drinking water standards in the US.
Table 4.2 shows current drinking water standards distributed by the World Health
Organization (WHO 1993) and the US Environmental Protection Agency (USE?A
1 9 9 4 ).Note their similarity Ramano (Per Comm. 1998) suggests that WHO drinking
water standards are guidelines that a nation can use in the absence of their own national
standards. Many less industrialized nations have adopted a combination of WHO’s and
USEPA drinking water standards. For example, the PNG government designed their
national drinking water standards around USEPA standards (See Mowbray 1988b).
Though some of PNG drinking water standards are less stringent than USEPA standards.
17 See Appendix 4, especially Chapman 1983; Harvey 1993; and Kelly 1988.
18. See Appendix 4, especially Davis and Olsen 1992 and Waters 1995.
19. Table 4 2 also summarizes EPA’s guidelines for maximum concentrations of metals to protect aquatic
life and to protect human health where people drink the water and consume fish from the water. These
guidelines have been adopted as standards by most US states.
99

Table 4.2: Drinking Water Standards and Guidelines
WHO

U.S. EPA
Human Health

Human Health

Drinking Water
Guideline

Oftnking Water
Standards

WatM^andOrgantem
ConsumpUoo Guidelines
(b)

Freshwater
Ouidellnes

Saltwater Ouidellnes

MCL (mg*)

MGL(mg/l)

mgn

mg/l

mg/l

M etals
arsenic
cadmium
copper
cyanide
Iron
lead
manganese
magnesium
mercury
molybdenum
nickel
nitrate
nitrite
silver
sulfate
zinc

0.01
0.003
2
0.07
—
0.01
0.5
—
0.001
0.07
0.02
SO
3
—
250
3

0.1
0.005
I ' d .3*)
0.2
Q .r
ZERO0.05"
1.3*
0.002
0.1
10
1
0.1'
250*
5'

0.0
0.0
OJ
0.7
—
0.05
—
—
0.0
—
0.6
—
—
0.1
—
—

pH
T.D.S.
Turbidity

<8
—
1000

65.8.5'
500*
PS

—
—

—

Note: Many U S. States have adopted USEPA guidelines as standards
Source: WHO. 1993. Guidelines for drinking-water quality, (2nd ad). Vol. 1 1
Sourca.€PA. 1994. "Dhnldng Water Regulations and Health Advisories*. Office of Water U.S.
Environmental ProtecdonAgency, Washingdn. O.C.
• a web site: h*tpVAeww.e.zjwtyohnson/contmm.h*ml or epa.gov/ogwdwrwottappa.html
http:ZAvww.epe.gov/OGWOW/wottappaJitinl
a a Concentration set to protect taste and smeH
b a Level set to protect human health where people both drink the water and consume the fish from the water
NA a not applicable
PÇ a performance standard

MCL a Maximum Contaminant Level. Maximum permissible level of a contaminant
in water which is delivered to any user of a public water system.
— a No health based guideünes/standards for these compounds because they are considered not
hazardous to human health at concentrations normally found in drinking water.
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Aquatic life

Acute

Chronic

Acuta

Chronic

0.004
1.7
0.02
0.02
—
0.08
—
—
0.002
—
1.4
—

0.07
0.04
0.003
0.001
—
0.2
—

0.04
0.009
0.003
0.001

0.004
—
0.1

0.001
0.2
0.01
0.005
—
0.003
—
—
0.0
—
0.2
—
—
—
—
0.1

—
—

—
—

—

'

“ 0.002
—
0.06
—
—
0.002
—
0.1

—
—

0.009
—
—
0.0
—
0.006
—
—
—
—
0.09

—
—

those for metals and suspended sediment are similar to USEPA or WHO guidelines
(Mowbray 1988b).
Standards should be designed to ensure that mine discharges do not result in any
“significant risk to the health of the consumer over a lifetime of consumption” (WHO
1993). WHO and US EPA standards are set at this protective level. Severe health effects
can occur from very short term exposure to high levels of contaminants or after
prolonged periods of exposure to lower levels. Hence, monitoring programs should
address both kinds of exposure.
Dominica currently has no information, detailing the current conditions of the
surface and/or ground water in the Pagua River watershed basin area. Although
agricultural practices have affected many rivers in the area, the quality of the water is
generally rated amongst the purest in the World (Grégoire and James 1985). To prevent
the degradation and to protect fishing and other uses of the waters, the Dominican
Government needs to understand and characterize the current conditions of its waters and
use this information to develop water quality standards. Guidelines or standards mean
nothing without enforcement. Failure to enforce these standards will result in no
protection to the people or wildlife of Dominica. Without strong, well enforced
environmental controls, large-scale extraction of minerals will result in degradation of
water.
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Potential Coastal and Marine Impacts
“Marine pollution and coastal degradation have become serious development
issues in the Caribbean” (Siung-Chang 1997). Dominica has been experiencing coastal
erosion since the island formed due to high wave energy, hurricanes and tropical storms.
More recently sand extraction, and coastal buildings have increased the erosion in coastal
areas. The maintenance and protection of marine and coastal environmental quality and
diversity is essential to ensuring Dominica’s long-term, sustainable development. Coastal
areas are desirable for settlement sites for a number of reasons. They provide locals with
boat access, tourism and recreation, bathing sites, as well as marine life diversity and fish
resources (See Photo 4.6a, b).
The study area is approximately 10 miles from the coast via the Pagua River.
Sediment loading to the Pagua River may be deposited in Pagua Bay. Mining caused
increases in sediment deposition in the river deltas of the Ok Tedi River, Jaba River and
the Fly River of PNG. According to Higgins et al. (1987), “Mining activities during an
8-year period (1968-1976) contributed 0.2 xlO* tons of sediment to a small river system
whose natural sediment load was negligible by comparison. One third of this vast
quantity of sediment was deposited on flood plains and in the delta of the Jaba River...
Mining waste has clogged the channels and inundated the flood plains of rivers of at least
moderate size”. The entire length of the valley is covered under 200 ft of sediment (1km
wide), and tailings which entered the bay formed a 700ha delta at the mouth of the Jaba
river. Consequently, all aquatic life in the river has been killed (Chambers 1985). If
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Photo 4.6: Photo showing the Pagua Bay. The upper photo shows the Atlantic Ocean
entering the Pagua Bay. The lower photo shows the Pagua River as it enters the Pagua
Bay The Bay is used by locals for many daily purposes, including bathing, washing and
recreational needs.
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tailings and waste rock are dumped directly into the Pagua River or its tributaries, coastal
areas along Pagua Bay will likely become buried with contaminated sediment.
While the bulk of contaminants may remain near shore some of the fine material
and dissolved contaminants will likely be transported sufficiently far offshore to be
caught in the strong north flowing currents in this area. This material has the possibility
of being deposited along the entire northern coast of Dominica. Consequently, coastal
waters, bays, fisheries resources, beaches and other recreational areas and marine
environments along this area may be polluted with heavy metals, chemical agents and
increased sedimentation.
Asmund (1992) states that waste rock containing zinc- and lead from a mine at
Maarmorilik, West Greenland, was “dumped on a mouhtain slope reaching the sea.” The
results were severe lead and zinc pollution of surface seawater and inter-tidal organisms
(Asmund 1992). If large amounts of contaminated waste were to enter the Pagua Bay

I

area, dissolved heavy metals may kill (or reduce production of) fish and other marine
resources which local villagers depend on. Some chemicals can be more toxic in the
marine environment than to freshwater environments (for example cadmium, copper,
nickel and silver). Toxicity depends on many factors including amount of available
oxygen in water. Merian (1994) states that “when initially anoxic sediments are exposed
to oxic seawater, a major portion of the... metals can be released in a day or less.”
One concern is the possible migration of contaminants up the coast to the coral
reefs at Calibishie. While the effects of sedimentation on coral reefs are well documented
(Chansang etal. 1981, Howard and Brown 1984), the effects of heavy metals on coral
reefs are not as well understood. Large-scale mining on Phuket Island, Thailand, has
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drastically affected the coastal environments and coral reefs, especially sessile benthic
organisms in shallow waters and the inter-tidal areas (Chansang et al. 1981, Chansang
1988). The most drastic effects on coral reefs resulted from the “smothering” of coral
reefs with silt (Chansang 1988). Coral reefs are one of the most dynamic, diverse and
biologically productive ecosystems in nature. In addition, reefs provide a natural physical
barrier which jM'otects coastal areas from rough seas (Wirth 1995).
Mine pollution may impact the beaches in Pagua Bay, Londonderry, Castle Bruce
and others. Beaches are of key importance to the people of the area for several reasons.
Beaches provide recreation for local residents and visitors. Beaches, particularly in Pagua
Bay, provide locals with a boat-landing site. Locals use beach areas, where rivers enter,
for washing clothes and bathing (See Photo 4.6b). Finally, beaches provide habitat for
animals and nesting sites for sea turtles.^^ These areas could be rendered useless by the
deposition of contaminated sediment from a mine near the Pagua River.
Finally, Dominica’s marine pollution may enter the coastal wasters of nearby
Nations, such as Guadeloupe, (only 60 nautical miles north). Thus, mining pollution has
international, as well as, national implications. BHP and OTML are experiencing this
problem in Papua New Guinea (Pemetta 1988). If contaminants enter international waters
or the Exclusive Economic Zone (EEZ) of nearby Caribbean Nations, the mining
company (and the Government of Dominica) would be violating several international
treaties.T hese treaties include The Law of the Sea (Christopher et al 1995) and the

20. Sea turtles are known to nest on the beaches o f Dominica. It is unknown at this time if Pagua Bay is one
o f these nesting areas (Cambers and James 1994).
21. Exclusive Economic Zone (EEZ) is defined as the area within 200 miles and adjacent to the territorial
sea (Christopher et al 1995).
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Convention for the Protection and Development of the Marine Environment of the Wider
Caribbean Region (Article 7,1983: Cartagena Convention, TIAS no. 11085). Revised in
1995, the Law of the Sea is the “first legally binding global agreement governing marine
pollution from land-based sources” (Article 207,1995). Wirth (1995) states that
“pollutants transported by lateral coastal currents and global circulation patterns have led
to transboundary impacts ... in the Caribbean”.
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CHAPTER 5 : SUMMARY. RECQMMAhDTIOMS
AMD CQMMEMTARV
Summary
In 1996, the Government of Dominica assumed that increased natural resource
development is a necessity for Dominica’s economic growth, and that mining was a
viable means to achieve this goal. In the summer of 1997, BHP withdrew its proposed
plan to explore and possibly develop a copper mine in the Deux Branches area of
Dominica. However, given Dominica’s large national debt, a declining banana market
and low individual financial security, the Government of Dominica will no doubt seek
other interested multinational mining corporations in the near future. This document
summarized some of the potential environmental consequences of large-scale mining in
the rainforest of Dominica.
Modem mining often results in massive degradation of land, water and living
resources. “The Global 2000 Report projects that the total land area that will be disturbed
by the mining industry during the last quarter of this century will be approximately 60
million acres, 94,000 square miles —an area roughly equal to that of West Germany”
(Gedicks 1993). This projection is an underestimate, since it only considers land directly
disturbed by mine development and not the air and water pollution generated by mining
which can be distributed hundreds of miles offsite.
Exploitation of natural resources such as large-scale copper mining, would likely
provide Dominica with a major short-term boost in its national economy. This could take
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the form of direct royalties, income taxes, increased revenues for local businesses, local
compensation payments for loss or damage of land, and other indirect benefits from wage
spending by mine employees. However, local communities will also bear the brunt of the
negative impacts of development. Large-scale open-pit mining in the Deux Branches area
(study area), will almost certainly lead to unavoidable environmental effects and many
effects may be irreversible or at least very slow to recover. Effects would likely include
1) loss of forest land, 2) loss of productive soil due to an increase in erosion and
contamination of downstream soil when contaminated rivers flood, 3) reduction of water
quality and loss of many public uses of water, 4) loss of wildlife habitat for land, river
and sea dwelling species resulting in reduced fisheries and species diversity, 5) loss of
cultural resources due to population increase, relocation and other changes in local
villages, 6) increase in traffic possibly resulting in an increase in accidents and 7) loss of
scenic resources which support Dominica’s tourist industry. The severity of these impacts
may be reduced if strict standards and regulations are strongly enforced. However,
Dominica is highly susceptible to a number of natural hazards such as earthquakes,
landslides, hurricane and floods, any of which can produce a major mining disaster
despite the best scientific and engineering technology and government regulations.
A careful quantitative site specific analysis of environmental impacts of mining
development in the Deux Branches area is hampered by the lack of detailed scientific
data on the environment. To adequately identify, measure, or evaluate the major
environmental impacts and their severity, detailed premining data is needed. This
includes several years of hydrologie data (including severe weather conditions). Pemetta
(1988) states that
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“the absence o f sotmd scientific data on potential environmental impacts
always favours the developer who can all too easily dismiss the legitimate
concerns ofscientists as worst case scenarios fo r which there exists no
supporting data. Interestingly, international mining companies are
prepared to accept and defend 'worst case scenarios ’when projecting ore
concentrations, but are not prepared to do the same for environmental
considerations, preferring in this instance to take a conservative view o f
potential impacts’’ (Pemetta 1988).

Without baseline data, envirtmmental questions will always outnumber answers.
Before proceeding with any mining development the Dominican government must (1)
require a thorough description of the potentially affected areas including hydrology,
geology, natural hazards, biota, and human cultural and economy, (2) give the public full
disclosure of all information and decisions, (3) require and enforce strict water quality
standards and performance/design standards and (4) require adequate performance and
reclamation bonds in advance of any development.
With limited information available, I proposed a likely scenario for large-scale
open-pit copper mining in the Deux Branches area of Dominica. The likely impacts of
such a development has the potential to produce an open pit 1 Va mile wide, 468 feet (156
m) deep, generating over 4 billion cubic feet of waste rock. This is enough material to
cover the entire Pagua River valley in potentially contaminated material twelve feet deep.
The consequences would most likely destroy the useful resources of the Pagua River and
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possibly Pagua Bay In addition, this would likely have major consequences on the
livelihoods of the communities along the banks of the river and surrounding the Bay.

Some questions that need to be answered:
Commentary by the Author
A society based on conquest can not be sustained.
(Winona LaDuke, Anishinabe’ activist as quoted in
Vandermeer aned Perfecto 1995)

The Commonwealth of Dominica Constitution of Order, written in the year of
independence (1978), states that the Government of Dominica is ^Jounded upon
principles that acknowledge the supremacy o f God, Faith in fundamental human rights
andfreedoms... ” (Chapter 1 (a)). The Constitution also states “that labour should not be
exploited or forced by economic necessity to operate in inhumane coniditons... ” (Chapter
1 (b)). These fundamental principals provided the framework for this ElA. Clean water,
healthy ecosystems, productive agricultural land and a sustainable economy are basic
needs for all the people of Dominica.
The rugged and relatively inaccessible environment of Dominica’s highlands has
limited many kinds of development. Past attempts at developing large-scale commercial
forestry, agricultural and geologic resources have failed repeatedly because of the high
cost of road and infrastructure development in the rugged terrain. However, these
limitations have also kept the “Nature Island” attractive to tourism and capable of
supporting coastal fisheries and subsistence agriculture.
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In creating an economy based on nonsustainable natural resource development,
the Government of Dominica would risk the coastal fisheries and subsistence agriculture
that have supported Dominicans throughout history Only to create a short-term burst of
wealth that would benefit a few people. Once the people of Dominica realize the long
term damage and short-term benefits of such development - they will likely oppose it as
did the people of PNG. Then the main driving force for such mining will be the pressure
of the foreign debt. The Dominican government should approach its creditor nations with
an offer of a “debt for Nature swap”. If the Government of Dominica does opt for mining
development, they must recognize that environmental damage is cheaper to prevent than
to repair; hence, it is in Dominica’s best interests to require that any mining development
meet rigorous design standards to protect human health and the environment. Even with
such standards, there will still be negative effects. As Mowforth and Munt state (1998)
“In any [development] analysis there is a need to examine the questions of who is stating
the principles, priorities and policies, who will benefit from related action and who will
lose.” In any development plan set out by the Government of Dominica, it is important
that they realize that the people of Dominica must be fully informed of all possible
impacts and alternatives and must have a meaningful role in decision making. The
Government must be focused on ways to sustain the environment and its people and to
educate and involve all the people of Dominica.
As in many developing countries, the Dominican Government sees stimulating
economic growth as it primary concern. They hope that environmental impacts will be
acceptable and reversible, but are taking almost no steps to ensure this. Hope will not
protect the environment - it did not in PNG or in the US before environmental laws were
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passed. Hyndman (1994a) states that the PNG government was so desperate for foreign
currency at the time of the Ok Tedi mine construction that, “ail of the social policy
studies concerning environmental, township development, training ...were rejected”.
Consequently, the sum of money set aside for environmental impact studies was
outrageously inadequate (Hyndman 1994a; Pemetta 1988). The Government of PNG
obviously, choose a ‘fast track’ for economic growth and left the environment, health and
welfare unprotected.
All the blame does not lie with PNG government. The World Bank concluded that
the Ok Tedi project was essential to PNG’s future economic well-being (Hyndman
1994a), but did they really consider the social consequences?^^ Documentation of the past
fifteen years of mining in PNG suggest that they did not ( see Jackson 1984; Mowbray
1988; Hyndman 1994; Kirsch 1996). Social outcry against environmental damage and
social destruction from mining was not limited to PNG. Indigenous cultures in
Bougainville and Guyana spoke out loudly against the destruction of their native land and
waters.
Depending on a country’s tax laws, mineral wealth and the world mineral market,
mining may generate enormous aniounts of revenue for the host country. For example,
the massive copper mine on the river banks of the Ok Tedi is projected to generate close
to US$ ten billion over the 30 years of operation (Jackson 1984). Of this, US$ 4 billion is
projected to go the Government of PNG. This raises an important question that is not
easily answered. Where does all the money go? The answer to this question is beyond the

. The World Bank also recommended the Omai Gold Mine in Guyana which has had major
environmental disasters (Lyon, in MPC report, 1995).
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scope of this EIA. However, it does suggest some questions that Dominican people
should demand that their government answer. For instance, how much of the revenues
received by the Dominican Government from mining would go to the local villages and
the Carib Territory, who would most likely be impacted by mining? Will the Government
provide finances for infrastructures, and environmental protection necessitated by mine
development? How much would go towards rainforest and wildlife protection? In
addition, several questions can be raised about the social implications of mining. For
example, will these local villages, directly affected by mining, be able to adjust to post
mining conditions? Will villagers be provided compensation for lost scenic land,
degradation of drinking water, and possible loss of fish resources and agricultural land?
Will villagers be provided training in other areas of employment after the mine closes?
These are just a few questions that should be answered before a massive mine
development plan is considered in Dominica.
The most critical question to ask is: if mining where to come to Dominica, what
will be the impacts on the people who live near and downstream of the mine?
While the economic benefits of mining will be spread over the “whole” country, the
negative impacts are concentrated on the few people living in the affected area (See map
1.2). Possibly the most drastic effect of the mine will be the impact it has on the
environmental perception of the local people. For them, the environment is much more
than a means of making money; it is the basis for much of their philosophy, rituals,
customs and heritage. It may not be possible to compensate these people for the loss of
their way of life. No.economic value can be put on the loss of their fundamental beliefs,
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their deep religious values and customs and intrinsic way of life. As the motto of the
Dominica conveys After God, the Earth'\
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APPENDIX 1

Soil Classification. Lang 1967
(Mapped in Figures 2.2 and 2.3)

1 Ailaphanoid latosolies
Found in areas of very high rainfall (>3,750mm) and no dry season, leaching is intense
and continuous. The soil is characterized by a deep, dark brown, organic rich, highly
permeable subsoil, rich in allophane and gibbsite. Rouse et al (1986) concluded that the
high water holding capacities of the allaphoid and kandoid latosolies meant that
exceptionally high rainfalls are required to induce slope failures.
2. Smectoid tmontmorillonite-rich) soils
These soils occur along highly seasonal western (leevwird) coast with less than 2,100-min
annual rainfall. Leaching is low allowing the formation of montmorillonite content in
conjunction with occasional cemented silica pan at the base of the B horizon makes the
subsoil’s of these shallow soils very impermeable when wet.
3. Kandoid (kaolin-rich) soib
These soils occur with rainfall (2,100 -3,750mm) and no or only a short dry season.
Leaching is moderately intense and some silica remains. Clay minerals, notably kaolin
and halloysite form. Tliese soils tend to develop from smectoid and allophane soils and
consequently occur on older volcanic areas in the north and east. These soils are deep
and very permeable.
4. Allophane podzolies
A peculiar variant of the allophane soil is found in the wettest parts of Dominica (.7,00
mm-annual rainfall). This allophane podzolic is the product of extremely high leaching
and is characterised by deep litter and organic horizons, a bleached, highly leached
subsoil and at about 0.45m depth a subsoil pan (Rouse 1985).
5. Young skeletal coarse textured soils
These occur where young ash overlies older topography. These soils are at a stage of
most rapid weathering and clay minerals are beginning to form. They are among the more
fertile and easily worked soils. They have moderately good structure, but relatively low
water holding capacity and are subject to accelerating erosion where they lie above
impervious material.
Source; Pitcher, Micheal J; 1994. Indigenous soil Conservation knowledge in the
commonwealth o f Dominica. Masters thesis paper. University of Wales, Bangor U.K.

Description of Dominica Vegetative Cover
(Mapped in Figures 2.8)

Mature Rain Forest This vegetation type is usually seen above 1,000 feet and in the
interior Mountain of the island. Considered to be the wettest part of the island with few
periods without precipitation. “The canopy is dominated by Dacryodes excelsa, Sloanea
spp., ?xviAmanoa caribaea. Undercanopy species include Licania tematensis and
Tapura antillana and numerous epiphytes and lianas.” (Profile; 13,1991)

Montane Thicket and Elfin Woodland. High elevation vegetative covers usually
above 3,500 feet. Due to several high wind exposures, this vegetation is stratum is
reduced to short heights. “Characteristic species are Richeria grandis, Byrsonima
martinicensis and Podocarpns coriaceus, with Heliconia bihai, the tree ferns Cyathea
imrayana and Hemitelia spp., and razor grass Scleria latifolia forming the understory ”
(Profile: 13,1991) Clnsia venosa and Lobelia cirsifolia dominate elfin Woodland, which
characterizes the highest elevations.
Littoral Woodland. Vegetative cover occurring along the eastern and northeastern
coast. “The tree canopy is subjected to nearly constant onshore winds yielding
asymmetrical tree crown development shaped by pressure from sea breezes. The species
of this community, which are salt spray tolerant, are characterized by Coccoloba uvifera,
Tabebuia pallidaP (Profile: 13,1991)
Scrub Woodland. This low elevation cover is seen on the West Coast of the island.
Shrub species of Lonchocarpus pentaphyllus, Pisonia fragrans, Haematoxylon
campechianum, Myrsia atrifolia, Chrysophylltim argenteum, and Erythroxylum ovatum.

Grassland and Savanna Sub-types. “These are restricted in area and most likely
the result of anthropogenic influences. Grand Savanne exemplifies the most extensive
area of the savanna sub-type, characterized by Sporobolus indicus, Andropogon
condensatus, and the grass CitrinellaP (Profile: 13,1991)

Secondary Rain Forest. Areas that have experienced logging, agricultural or grazing
are characterized by secondary vegetative cover. “Characterized by Miconia species
(Miconia mirabilis in particular), Cecropia schreberiana, and, in the smaller gaps,
Simaruba amara. Canopy climax forest trees such as Sloanea exist but are not
dominant.” (Profile: 13,1991)

Fumarole Vegetation. Vegetative covers existing in geothermal active areas.
“Characteristic species are various melastomes, particularly Tibouchina omata. There are
also some endemics, which are prominent, notably Pitcairnia micotrinensis. ’’ (Profile:
14,1991)

Swamp and Wetlands. These areas are mainly seen in the most northwest part of
the island east of the Cabrits Peninsula, an areas, which experiences a seasonal supply of

fresh water. “Characteristic species are Pterocarpus officinalis (which also occurs in
narrow strips along stream banks, particularly between Blenheim and Calibishie),
Laguncularia racemosa and Avicennia germinans, In the lower swamps such as Cabrits
and Glanvillea, the semi-aquatic vegetation is dominated by the fern Acrostichum aureum
and various sedges, such as Cyperus spp., Eleocharis mutata and E. Interstincta. ’’
(Profile: 14,1991)
Source: Earth Satellite Corporation (EARTHSAT) prepared Vegetative cover
classification, 1986, which was based on OAS’ vegetation map of the island. The
descriptions have been modified by Evans, 1986.
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PRINCIPAL ENVIRONMENTAL LAWS OF DOMINICA

Environmental Law

Date

Authority

Reaulations

Town and Country Planning Act

1975

Physical planning and development
control

None

Forest Act 25 (Chap. 60:01)

1959

Establish forest reserves and
protected forests for soil and water
conservation

Conservation and control of
Forest

Forestry and Wildlife Act 12 (Chap. 60:02)

1990*

Protection, conservation and
management of all terrestrial and
aquatic wildlife

Wildlife Regulations

Fisheries Act

1978

Manage fisheries and marine
reserves

Fisheries Regulations

National Parks and Protected Areas Act (Chap. 42:02)

1990*

Establish national parks and
protected areas

None

Beach Control Act

1990*

Protect beaches, control sand mining

Beach control

Water and Sewerage Act

1989

Control water supply and prevent
contamination of water sources

Water regulations

Public Health Act

1968

Maintain environmental health, control
pollution and waste management

None

Minerals and Mine Act

1996

Establish mining regulations for hard
rock mining

Hard Rock mining regulations

The Carib Reserve Act 7 (Chap.25:90)

1996*

Establishment of a body of council
which shall have sole custody,
management and control of the lands
of the Reserve.

Carib Reserve

* indicates the most recent year the act was revised

M ajor A gricultural C rop P ro d u c tio n 1983-1993
Field Crops
Avocado Pears
Bananas
Bay Oil
Beans
Breadfruit
Cabbage
Carrots
Cassava
Christophene
Cinnamon
Cocoa Bean
Coconuts
Coffee
Cucumbers
Cut Flowers
Dasheens
Egg Plant
Ginger
Grapefruit
Irish Potatoes
Lettuce
Limes
Manderine
Mangoes
Nutmeg
Okra
Oranges
Passion Fruit
Pawpaw
Plantains
Pumpkins
Sweet potatoes
Tannias
Tomatoes
Water Melon
Yams

1983
193
38,013
18
97
112
1,001
491
777
64
8
276
3,395
175
1,994
—

13.014
3
178
5,388
—

1984
231
41,177
20
100
114
1,019
499
856
155
10
240
3,198
187
2,026

1985
209
42,656
21
102
117
1 109
510
875
112
11
320
3,193
192
2,074

1986
280
62,741
24
119
171
1,244
569
844
168
13
180
2,699
195
2,074

12.100
3
204
8,250
75
392
6,357

13.596
3
216
23,735
45
168
5,834

•—

13,351
3
199
5,537
—-

405
6,078

415
6,258

159
3
3
2,213

1.514
3
3
2,284

—

—

---

—

3,920
3
3
2,750

4,055
3
3
5,123

Quantitv (metric tons)
1987
1988
1989
358
803
263
67,725
76,872
58,259
30
48
42
79
79
90
172
495
191
944
530
530
419
465
398
844
844
873
205
128
205
13
14
14
124
155
120
2,820
2,624
4,499
196
193
192
1.880
295
1,898
63
74
44
11,124
14,106
17,887
3
3
3
203
213
220
21,179
19,568
19.028
73
150
62
128
130
128
5,569
5,870
4,402
---

3,821
3
3
5,000

4,374
3
3
5,773

1990
695
66,706
46
82
555
583
458
756
232
12
139
9,436
178
1,961
79
18.408
2
195
15,600
422
2,585
—

4,068
4
2
4,616

4.030
22
12
3,185
749
8
3,258
552
1,743
5,239
680

1991
718
66,679
39
85
575
595
515
745
251
151
75
9,400
205
1.966
85
12,069
2
110
14,107
102
154
1,716
26
2,916
4
2
3,190
301
17
6,128
742
1,271
4,286
197

—

—

—

—

...

.—

—

—

—

—

...

—

2,160
903
1.971
4,914
242

2.122
685
1,792
5,645
184

6,217
747
1,732
4,516
184
205

166

158

162

5.700

6,300

5,670

9,241

6,131

1.393
479
1,604
6,241
166

1.630
463
1,632
6,420
169
mmm

mmw

mmm

5,027

5,139

5.500

6,600

1,820
672
1,664
4,400
179

—

13
5,595
597
1,287
3,838
174

Sourco Racofds of tho Contral Statbtlcni Office and the Agricuitural Statistics Unit, Ministry of Auiicultuio
Pubftshed in the Statistical Pfpest No 6 1995

1992
861
61,449
42
85
986
595
515
745
211
31
539
13,567
204
1,179
106
9,794
10
91
17,507
102
154
980
17
1,410
16
2
3,719
334
12
6,637
732
1,262
4,337
195
149
6,228

1993
1,071
64.149
45
87
1,145
612
530
766
211
39
105
165,130
340
1,404
88
11,395
10
93
12,212
105
158
990
29
2,171
4
2
3,232
381
12
8,097
824
1,646
4,463
198
189
6,578

APPEMDIX 3

Discussion of the Formation of Copper Deposits
The understanding of metal distribution in mountains, formed by millions of years
of weathering, can provide a simple and direct description and understanding of metal
zonations in typical copper deposits. The following description offers an understanding
of the interrelationships of zone formation, location, and metal concentration in typical
copper deposits. Typical copper deposits form three distinct layers - the leached zone,
enrichment zone and unweathered (protore) zone.
The upper layer or the leached cap zone has undergone the most intense
weathering due to millions of years of rainwater percolating deep into the rock through
the numerous fractures, oxidizing the minerals in the rock structure. Rainwater entering
these fractures typically, has a pH of 6.2 (typical pH of rainwater) and contains dissolved
oxygen. As it descends through the fractures, it mixes with various sulfide-bearing
minerals in the surrounding rock, saturating the leached cap zone with oxygenated water.
As Anderson states in his report on the Characteristics o f Leached Capping {\9%2\ “the
zone where oxidation potentials is highest is where areas of pore rock are saturated with
atmospheric oxygen”. The high dissolved oxygen content in the saturated area oxidizes
the sulfate minerals, forming sulfuric acid. As the concentration of sulfuric acid
increases, the pH of the saturated water decreases, dissolving metal ions which are bound
to the sulfide material. “The amount of these compounds [metals] available to the
solution is a function of: (1) the total sulfide content, (2) the copper sulfide to iron sulfide
ratio, and (3) the mineralogy of the copper sulfides” (Anderson 1982). Basically, the
higher the total sulfur content, the higher the volume of sulfuric acid formation and the
lower the pH, which in turn will dissolve more metals. As the water begins to flush

downward through fractures in the rock, most of the metals in solution are carried away
from the site of oxidation to deep levels. The following chemical reactions describe the
oxidation process:

4FeS2 + 7HzO +

UViOi -> 2HFeO% +6H2SO4 + 2FeS©4

( 1)

6CuFeS2 + 16Fe^^ + I2H2O (rainwater) + 25 O2 (dissolved oxygen) —>
4H fe 0 2 + C u 4( 0 H ) 6S 0 4 + 7 H 2 SO 4 + 2 C u S 0 4 + 2FeSo4

2CuS04 + 2FeS04+ 7H2So4 - * 2C u ^ + 2Fe^^ + 7H

(2 )

+ I4S04 (3)

The oxidation process will reoccur when infiltrating surface waters saturate the zone
again and begin to descend downward. Oxidation processes continue until all sulfide
minerals above the water table have dissolved, leaving behind a leached zone nearly
depleted of copper and other heavy metals.
The dissolved heavy metals and sulfate will continue to descend until they are
transported below the water table, where the metals will precipitate under reducing
conditions. This point marks the boundary between the leached zone and the enrichment
zone. In the enrichment zone, dissolved oxygen is depleted forming a ‘reduced’
condition. Because of the lower dissolved oxygen content in the water, the pH of the
water will increase, causing dissolved metals (including copper) to precipitate as
secondary sulfide minerals, which sorb onto the surrounding rock surfaces. This zone is
called the “enrichment zone” and is where the highest concentration of copper, in the
form of copper sulfate, will be located. Copper is precipitated at this depth probably as
chalcocite, covellete or some other form of copper sulfate mineral and is located

predominantly along fractures and in veinlets (Brimhall et al 1985, Ague and Brimhall
1989, Hughes 1990 and Lichtner and Biino 1992). This process of mineral reduction can
be summarized in the following chemical reaction:

C u ^ + S o / + 16IT + 17Fe^^ ^ u S + S* HjO + FeSî

Generally, the copper concentrations decrease with increasing depth in this zone.
“A natural consequence of the metasomatic formulation of supergene enrichment is
prediction of a maximum copper grade at the top of the enrichment blanket (Lichtner and
Biino 1992). The enrichment copper zone will contain the bulk of the copper in the Deux
Branches area and may also contain high levels of accessory minerals such as gold and
silver.
The depth at which the enrichment zone is located depends on a number of
factors, but most importantly: rainfall amounts, time since mountain formation, and the
permeability of the surrounding rock. Areas with higher rainfall and permeability have
deeper enrichment zones than arid regions or regions with lower rock permeability. For
example, the enrichment zone at the Ok Tedi mine in Papua New Guinea has been well
documented (Ague and Brimhall 1989, Lichtner and Biino 1992, and Rush and Seegers
1990). At the Ok Tedi copper mine, rainfall averages 10,000 mm per annum, and rock
structure is andésite and basaltic - similar to Dominica (Rush and Seegers 1990).
Subsequent leaching and redeposition of copper minerals at this mine site has produced a
leached cap and an enrichment zone with extremely high concentrations of copper (peak
about 3.0 percent copper) (Titley 1982).

The upper most layer of the enrichment zone at the Ok Tedi mine is reported to be
at a depth of 70 to 290 m, with a thickness ranging from 20 m to 400 m (Lewis and
Wilson 1990). In another tropical climate, the enrichment zone at the Panguan copper
mine (Bougainville mine) on Bougainville island, has reached a depth of 820 m with a
copper concentration on average of 0.6 % copper (Clark 1990). Both of these mines are
located in tropical climates and volcanic rock dating from the Middle to Late Miocene
times - about 25 million years old (Clark 1990; Lewis and Wilson 1990). In contrast the
enrichment zone of a copper mine in the arid region of Butte Montana (USA) has eroded
to depths as much as 150 meters (450 feet) down with copper concentrations of 0.8 %
(Titley 1982; Brimhall etal 1985).
The lowest zone is called the Protore layer or unweathered zone (See Figure
4.1 ). Here copper concentrations will be less than in the enrichment zone but generally
greater than in the leached cap zone (Rush and Seegers 1990). This zone represents the
unweathered portion of the anomaly. Copper and other minerals in this zone are fixated
to sulfate minerals, forming a sulfide ore composition. This area represents what the
upper most layer of the area looked like when it first formed - before weathering.
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